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ABSTRACT 
S a n d e r l i n g s ( C a 1 i d r i s a l b a ) l i k e o t h e r l o n g d i s t a n c e 
m i g r a t i n g w a d e r s a c c u m u l a t e -fat r e s e r v e s -for m i g r a t i o n . 
F e e d i n g e c o l o g y o-f S a n d e r l i n g w a s s t u d i e d d u r i n g a 8 week 
p e r i o d be-fore s p r i n g m i g r a t i o n , a t T e e s m o u t h , N E - E n g l a n d 
<54°37'N 1 ° 1 2 ' W ) , an i m p o r t a n t w i n t e r i n g s i t e , t o e s t a b l i s h 
how t h e y a c h i e v e i n c r e a s e d e n e r g y . I n d i c a t i o n s w e r e f o u n d 
of a p r o l o n g e d f e e d i n g - p e r i o d d u r i n g d a y l i g h t h o u r s w i t h i n 
e a c h t i d a l c y c l e a n d f o r l e s s t i m e s p e n t r o o s t i n g , b u t 
n o c t u r n a l f e e d i n g was n o t s t u d i e d . A s h i f t i n f o r a g i n g 
m e t h o d s was o b s e r v e d w h i c h s u g g e s t s t h a t t h e y c h a n g e d t o 
u t i l i z i n g a n o t h e r p r e y . A s l i g h t i n c r e a s e i n r a t e o f 
f e e d i n g a t t e m p t s and a m a r k e d i n c r e a s e i n f o r a g i n g c o s t s 
w e r e o b s e r v e d w h i c h s u g g e s t s t h a t an i n c r e a s e i n p r e y a v a i l -
a b i l i t y h a d o c c u r r e d o r t h a t more v a l u a b l e p r e y w a s b e i n g 
t a k e n . N e i t h e r s u g g e s t i o n c o u l d be t e s t e d . S a n d e r l i n g s 
f o r a g e d i n a r e a s w h e r e o n e o f t h e i r m a i n p r e y s p e c i e s , t h e 
p o l y c h a e t e N e r i n e ciJ rr.^tyJLy.s> was most a b u n d a n t . 
E n v i r o n m e n t a l f a c t o r s w h i c h c a n a f f e c t t h e e n e r g y b a l a n c e o f 
w a d e r s i n t e m p e r a t e r e g i o n s i n s p r i n g a r e d i s c u s s e d . 
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C h a p t e r 1 I l ^ R g p U C T I O N 
T h e amount o f f a t c a r r i e d by most w a d e r s w i n t e r i n g i n 
w e s t e r n E u r o p e v a r i e s s e a s o n a l l y . F a t r e s e r v e s a r e 
a c c u m u l a t e d i n autumn a n d e a r l y w i n t e r , b u t u s e d up f r o m 
m i d - w i n t e r o n w a r d s . A s e a r l y a s M a r c h i n some s p e c i e s f a t 
r e s e r v e s a r e b u i l t up r a p i d l y b e f o r e m i g r a t i o n , o f t e n t o 
l e v e l s much h i g h e r t h a n t h o s e c a r r i e d i n m i d - w i n t e r ( f o r 
d i s c u s s i o n s e e E v a n s & S m i t h 1975, D a v i d s o n 1982, P i e n k o w s k i 
e t a l . 1 9 8 4 ) . Many w a d e r s a r e l o n g d i s t a n c e m i g r a n t s , 
b r e e d i n g i n a r c t i c o r n o r t h e r n t e m p e r a t e r e g i o n s , b u t 
w i n t e r i n g a s f a r s o u t h a s S o u t h A f r i c a . F a t i s t h e m a i n 
e n e r g y s o u r c e u s e d f o r t h e s e m i g r a t o r y f l i g h t s ( D a v i d s o n 
1 9 8 4 ) . 
T h e a i m o f my s t u d y was t o f i n d o u t b y w h a t m e t h o d s 
S a n d e r l i n g s ( C a l i d r i s a l b a P a l l a s ) i n c r e a s e t h e i r d a i l y 
e n e r g y i n t a k e , when d e p o s i t i n g p r e — m i g r a t o r y f a t r e s e r v e s . 
T h i s p r o b l e m h a s b e e n s t u d i e d i n o n l y o n e w a d e r s p e c i e s t h e 
T u r n s t o n e , A r e n a r i a i n t e r p r e s , ( M e t c a l f e & F u r n e s s 1 9 8 4 ) a n d 
c e r t a i n l y n o t i n S a n d e r l i n g . I c a r r i e d o u t my s t u d y a t 
T e e s m o u t h , NE E n g l a n d , an i m p o r t a n t w i n t e r i n g s i t e f o r 
S a n d e r l i n g s i n G r e a t B r i t a i n . Out o f an e s t i m a t e d w i n t e r i n g 
p o p u l a t i o n o f 1 0 , 3 0 0 S a n d e r l i n g s i n B r i t a i n , b e l i v e d t o b e 
o f t h e S i b e r i a n b r e e d i n g p o p u l a t i o n ( P r a t e r it D a v i e s 1 9 7 8 ) , 
up t o c . 1 2 0 0 may o c c u r a t T e e s m o u t h ( E v a n s e t a l . 1 9 8 0 ) 
a l t h o u g h t h e a v e r a g e number o f i n d i v i d u a l s p r e s e n t d u r i n g 
t h e w i n t e r m o n t h s o f most y e a r s i s much l o w e r a t c . 6 0 0 
( P . R . E v a n s p e r s . comm.). D u r i n g l a t e A p r i l and May t h e r e i s 
a g r e a t t u r n o v e r i n t h e p o p u l a t i o n , w i t h an i n f l u x o f 
p a s s a g e b i r d s w h i c h u s e t h e s i t e a s a r e f u e l l i n g s t a t i o n on 
t h e way t o G r e e n l a n d , a t t h e same t i m e a s t h e w i n t e r i n g 
b i r d s g r a d u a l l y l e a v e t h e a r e a t o r e t u r n t o S i b e r i a . 
T h e r e a r e s e v e r a l p o s s i b l e w a y s i n w h i c h b i r d s c o u l d 
i n c r e a s e t h e i r d a i l y e n e r g y c o n s u m p t i o n . T h e - f o l l o w i n g 
q u e s t i o n s w e r e a s k e d and t h e r e a f t e r a n s w e r s s o u g h t i n a 
f i e l d s t u d y : 
i ) Do S a n d e r l i n g s c h a n g e t h e p r o p o r t i o n of t i m e 
a l l o c a t e d t o d i f f e r e n t b e h a v i o u r s , w i t h i n t h e i r n o r m a l 
a c t i v i t y p e r i o d , s o t h a t t h e y f o r a g e m o r e ? I n c r e a s e d 
f o r a g i n g t i m e c o u l d b e a c h i e v e d b y d e c r e a s i n g t h e t i m e s p e n t 
i n o t h e r b e h a v i o u r a l s t a t e s s u c h a s v i g i l a n c e , p r e e n i n g and 
r e s t i n g . I f o u n d no e v i d e n c e t o s u p p o r t t h i s h y p h o t h e s i s 
( s e e r e s u l t s e c t i o n 4 . 3 ) . 
i i ) Do S a n d e r l i n g s e x t e n d t h e i r a c t i v i t y p e r i o d a n d 
t h e r e b y t h e i r t o t a l f o r a g i n g t i m e ? S a n d e r l i n g s a t T e e s m o u t h 
w e r e known, i n t h e w i n t e r , t o r o o s t f o r f e w h o u r s o v e r t h e 
h i g h w a t e r p e r i o d ( B r e a r e y 1 9 8 2 ) , s o o n e p o s s i b i l i t y was 
t h a t t i m e f o r m e r l y a l l o c a t e d t o r o o s t i n g m i g h t b e d e c r e a s e d 
s o t h a t f o r a g i n g o v e r h i g h w a t e r c o u l d t h e r e b y be i n c r e a s e d . 
I f o u n d some i n d i c a t i o n s t h a t t h i s h a p p e n e d ( s e e r e s u l t s 
s e c t i o n 4.3 a n d A p p e n d i x 1 ) . I was u n a b l e t o e x p l o r e 
a n o t h e r p o s s i b i l i t y : w h e t h e r f e e d i n g a t n i g h t o c c u r s i n 
S a n d e r l i n g a n d i f s o w h e t h e r i t was i n c r e a s e d . Many w a d e r 
s p e c i e s f e e d a t n i g h t a s w e l l a s by d a y , u s i n g p r i m a r i l y 
t a c t i l e s e a r c h m e t h o d s ( E v a n s 1976, Wood 1984, P i e n k o w s k i e t 
a l . 1 9 8 4 ) . 
i i i ) Do S a n d e r l i n g s i n c r e a s e t h e i r f o r a g i n g r a t e s 
d u r i n g t h e p e r i o d o f p r e — m i g r a t o r y f a t t e n i n g ? F o r a g i n g 
c o s t s and b e n e f i t s n e e d t o b e c o n s i d e r e d i n o r d e r t o 
c a l c u l a t e t h e n e t r a t e o f e n e r g y g a i n . As l o n g a s s u c c e s s 
r a t e ( s u c c e s s f u l p r e y c a p t u r e s p e r u n i t o-f t i m e ) i n c r e a s e s 
w i t h an i n c r e a s e i n t h e r a t e a t w h i c h a t t e m p t s a r e made t o 
c a p t u r e p r e y ; and i -f t h e a d d i t i o n a l c o s t o-f - f o r a g i n g - f a s t e r 
i s l e s s t h a n t h e g a i n -from i n c r e a s e d s u c c e s s , s u c h a method 
c o u l d be u s e d . I o b s e r v e d a s l i g h t i n c r e a s e i n - f o r a g i n g 
r a t e s a n d a d i s t i n c t i n c r e a s e i n - f o r a g i n g c o s t s be-fore 
m i g r a t i o n b u t u n f o r t u n a t e l y I c o u l d n o t m e a s u r e s u c c e s s r a t e 
( s e e r e s u l t s e c t i o n 4 . 4 ) . 
O t h e r a l t e r n a t i v e s by w h i c h S a n d e r l i n g m i g h t i n c r e a s e 
t h e i r f a t d e p o s i t s by r e s p o n s e s t o p h y s i c a l and 
e n v i r o n m e n t a l f a c t o r s a r e d i s c u s s e d a t t h e e n d o f t h e 
d i s s e r t a t i o n ( C h a p t e r 5 ) . 
I n t e r t i d a l i n v e r t e b r a t e s a r e o f t e n u n e v e n l y d i s t r i b u t e d 
( e . g . i n p a t c h e s and c l u m p s ) a n d t h e r e f o r e t h e q u a l i t y o f 
f e e d i n g s i t e s f o r t h e i r b i r d p r e d a t o r s v a r i e s . D a t a f r o m 
s e v e r a l f i e l d s t u d i e s h a v e s u g g e s t e d t h a t b i r d s may u s u a l l y 
f e e d w h e r e t h e y o b t a i n f o o d a t t h e f a s t e s t r a t e ( G o s s -
C u s t a r d 1970, 1 9 7 7 a , 1977b, C o n n o r s e t a l _ . 1 9 8 1 ) . R a n d s & 
Bar k h a m ( 1 9 8 1 ) f o u n d a r e l a t i o n s h i p b e t w e e n w i t h i n - f l o c k 
f e e d i n g d e n s i t i e s o f D u n l i n ( C a l i d r i s a l j D i n a ( L ) ) and t o t a l 
p r e y d e n s i t y . To e x a m i n e w h e t h e r S a n d e r l i n g s a t T e e s s i d e 
r e s p o n d e d t o s p a t i a l v a r i a t i o n s i n p r e y d e n s i t i e s when 
f o r a g i n g , d i s t r i b u t i o n s o f f o r a g i n g S a n d e r l i n g s and t h e i r 
m a i n p r e y s p e c i e s w e r e s t u d i e d , t h o u g h p r e y a v a i l a b i l i t y , 
w h i c h may be more i m p o r t a n t t h a n a b s o l u t e d e n s i t y i n 
d e t e r m i n i n g f e e d i n g s u c c e s s , was n o t m e a s u r e d . P r e y 
d i s t r i b u t i o n was f a r f r o m u n i f o r m b u t I s h a l l show t h a t 
S a n d e r l i n g s f o r a g e d i n a r e a s w h e r e one o f t h e i r m a i n p r e y 
s p e c i e s was most a b u n d a n t ( s e e r e s u l t s e c t i o n 4 . 2 ) . 
C h a p t e r 2 S T U D Y A R E A 
S o u t h e a s t o-f t h e R i v e r T e e s e s t u a r y ( T e e s m o u t h ) , Co. 
C l e v e l a n d NE E n g l a n d ( a p p r o x . 5 4 ° 3 7 ' N l 0 1 2 ' W ) l i e C o a t h a m 
S a n d s , w h i c h w e r e t h e m a i n p a r t o-f my s t u d y a r e a ( - f i g . 2 . 1 ) . 
C o a t h a m S a n d s a r e a p p r o x i m a t e l y 5 km l o n g , a s t r e t c h o-f 
g e n t l y s l o p i n g b e a c h w i t h - f a i r l y - f i n e - g r a i n e d s a n d . C o a t h a m 
S a n d s -face t h e o p e n s e a and t h e r e c a n be c o n s i d e r a b l e wave 
a c t i o n d u r i n g n o r t h and e a s t e r l y w i n d s . A t s p r i n g t i d e s up 
t o 2 5 0 m w i d t h o-f t h e b e a c h i s e x p o s e d a t l o w w a t e r . E a s t 
o-f C o a t h a m S a n d s o p p o s i t e t h e town o-f R e d c a r a r e two 
l i m e s t o n e o u t c r o p s , C o a t h a m - and R e d c a r R o c k s w h i c h a r e 
e x p o s e d f o r o n l y a f e w h o u r s o f e a c h t i d a l c y c l e . C o a t h a m 
R o c k s , w h i c h a r e e x p o s e d o n l y a t l o w w a t e r o f s p r i n g t i d e s 
w e r e n o t i n c l u d e d i n t h e s t u d y , b u t R e d c a r R o c k s w e r e 
c e n s u s e d r e g u l a r l y . I n a d d i t i o n some o b s e r v a t i o n s w e r e 
o b t a i n e d f r o m a t i d a l f l a t w i t h i n t h e T e e s E s t u a r y c a l l e d 
B r a n S a n d s . A l l p r e v i o u s l y m e n t i o n e d s i t e s a r e u s e d by 
f o r a g i n g S a n d e r l i n g s t o a g r e a t e r o r l e s s e r e x t e n t , 
d e p e n d i n g on t h e s t a g e o f t i d e . O v e r h i g h w a t e r i n l a t e 
w i n t e r and s p r i n g , f r o m M a r c h t o J u n e ( E v a n s e t a l ^ 1 9 8 0 ) , 
S a n d e r l i n g r o o s t a t t h e " D u c k y " w h i c h i s a h i g h p a r t o f 
C o a t h a m S a n d s , s e l d o m c o v e r e d e x c e p t by e x t r e m e t i d e s ( F i g . 
2. 1) . 
C o a t h a m S a n d s w e r e d i v i d e d i n t o s i x s e c t i o n s o r s i t e s , 
l a b e l l e d E , F , G, H, I a n d J f r o m e a s t t o w e s t r e s p e c t i v e l y , 
f o r t h e t h e s t u d y o f b i r d and i n v e r t e b r a t e d i s t r i b u t i o n s . 
T h e s e a r e t h e d i v i s i o n s w h i c h r e c e n t a n d c u r r e n t s t u d e n t s o f 
S a n d e r l i n g e c o l o g y a t T e e s m o u t h h a v e b e e n u s i n g . 
T h e b e a c h a n d t h e r o c k s a r e much u s e d b y p e o p l e -for a 
v a r i e t y o-f o u t d o o r a c t i v i t i e s d u r i n g l a t e s p r i n g a n d 
i n c r e a s i n g l y s o t o w a r d s t h e summer. U t i l i z a t i o n o-f t h e a r e a 
d e p e n d s u p o n t h e w e a t h e r a n d v a r i e s b e t w e e n d a y s o-f t h e 
week. P e o p l e w a l k d o g s , r i d e h o r s e s , b i c y c l e s , m o t o r c y c l e s 
a n d e v e n t a n k s a l o n g t h e b e a c h , c o l l e c t c r a b s a n d m u s s e l s 
-from t h e r o c k s a n d d i g f o r b a i t i n s a n d a n d mud. O f f - a n d 
o n s h o r e a r e f i s h i n g b o a t s a n d s c u b a - d i v e r s . A l l t h i s c a n 
c a u s e c o n s i d e r a b l e d i s t u r b a n c e t o b i r d s a n d t h e r e b y f o r 
t h o s e s t u d y i n g t h em. 
6. 
T h e s i t e s u s e d A map o-f t h e s t u d y a r e a F i g u r e 
t o l o c a t e b i r d s a l o n g C o a t h a m S a n d s a r e s h o w n , l a b e l l e d E 
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C h a p t e r 3 METHODS 
3 = 1 G e n e r a l 
A l l f i e l d o b s e r v a t i o n s on S a n d e r l i n g w e r e made u s i n g a 
t e l e s c o p e (22x m a g n i f i c a t i o n ) on a s t a b l e t r i p o d . On most 
d a y s b i r d s w e r e f o l l o w e d a l o n g t h e b e a c h and b e t w e e n s i t e s 
on f o o t and a p p r o a c h e d w i t h o u t u s i n g a h i d e . On 5 o c c a s i o n s 
o b s e r v a t i o n s w e r e made f r o m a v e h i c l e . O b s e r v a t i o n d i s t a n c e 
was k e p t a s s h o r t a s p o s s i b l e w i t h o u t c a u s i n g o b v i o u s 
d i s t u r b a n c e . O b s e r v a t i o n s w e r e e i t h e r w r i t t e n down i n a 
f i e l d — n o t e b o o k o r t a p e r e c o r d e d and t r a n s c r i b e d l a t e r . 
L o c a t i o n s o f b i r d s o b s e r v e d a l o n g t h e b e a c h w e r e a l l o c a t e d 
t o a s i t e ( s e e f i g 2 . 1 ) , t h e i r a p p r o x i m a t e d i s t a n c e f r o m t h e 
t i d e e d g e and t h e t i m e o f t h e d a y w e r e r e c o r d e d . 
D a t a w e r e c o l l e c t e d on 2 5 d a y s b e t w e e n 1 7 t h A p r i l and 
7 t h J u n e 1 9 S 4 , d u r i n g a t o t a l o f 153 h o u r s o f o b s e r v a t i o n . 
T h e s t u d y p e r i o d w a s d i v i d e d i n t o e i g h t w e e k s and e a c h o f 
them c o n s i d e r e d a s a s a m p l i n g u n i t ( T a b l e 3 . 1 ) . T h e number 
o f d a y s o f o b s e r v a t i o n v a r i e d b e t w e e n w e e k s , r a n g i n g f r o m 2 
t o 4 b e c a u s e o f l i m i t a t i o n s i m p o s e d by w e a t h e r ( m a i n l y r a i n 
a n d s e a - f o g ) and t r a n s p o r t b e t w e e n Durham C i t y a nd 
T e e s m o u t h . E a c h week s p a n n e d a p e r i o d o f e i t h e r s p r i n g - o r 
n e a p t i d e s . 
I§y_?..l!.i. D i v i s i o n o f t h e s t u d y p e r i o d i n t o w e e k s . 
week d a t e No. o f t i d e 
o b s . d a y s 
1 1 5 . 0 4 . - 2 1 . 0 4 . 3 S p r i n g 
2 2 2 . 0 4 . - 2 8 . 0 4 . 3 Neap 
3 2 9 . 0 4 . - 0 5 . 0 5 . 3 S 
4 0 6 . 0 5 . - 1 2 . 0 5 . 2 N 
5 1 3 . 0 5 . - 1 9 . 0 5 . 4 S 
6 2 0 . 0 5 . - 2 6 . 0 5 . 4 N 
7 2 7 . 0 5 . - 0 2 . 0 6 . 4 S 
B 0 3 . 0 6 . - 0 9 . 0 6 . 2 N 
The b e h a v i o u r o-f a b i r d was a l l o c a t e d t o o n e o-f 
t h i r t e e n c a t e g o r i e s , 1. w a l k i n g , 2. r u n n i n g , 3. p e c k i n g , 4. 
p r o b i n g , 5. s t a n d i n g , 6. e a t i n g , 7. p r e e n i n g , 8. b a t h i n g , 9= 
s t r e t c h i n g w i n g , 10. r o o s t i n g , 11. - f l y i n g , 12. a g g r e s s i o n 
and 13. v i g i l a n c e . Most o-f t h e s e c a t e g o r i e s a r e s e l f -
e x p l a n a t o r y , a l t h o u g h t h e d i v i s i o n s b e t w e e n some a r e 
a r b i t r a r y , f o r e x a m p l e , w a l k i n g a n d r u n n i n g , s i n c e t h e r e i s 
a g r a d u a l i n c r e a s e i n s p e e d f r o m w a l k i n g s l o w l y t o r u n n i n g 
f a s t . P e c k s a r e f e e d i n g a t t e m p t s i n w h i c h t h e b i l l 
p e n e t r a t e s t h e s a n d s u r f a c e o n l y s l i g h t l y , w h e r e a s i n 
p r o b i n g a t l e a s t 1/3 o f t h e b i l l p e n e t r a t e s t h e s u r f a c e . 
T h e p r o b i n g c a t e g o r y i n c l u d e s w h a t s o m e t i m e s h a s b e e n c a l l e d 
" s t i t c h i n g " ( P u t t i c k 1979, B r e a r e y 1 9 8 2 ) . S t i t c h i n g d i f f e r s 
f r o m n o r m a l p r o b i n g i n t h a t t h e b i r d p e n e t r a t e s t h e s u r f a c e 
w h i l e w a l k i n g f o r w a r d ( i n c o n t r a s t t o d o i n g s o i n a s i n g l e 
l o c a t i o n ) . S t a n d i n g i s a r a t h e r i m p r e c i s e c a t e g o r y b e c a u s e 
s t a n d i n g b i r d s c a n e i t h e r be f o r a g i n g o r r e s t i n g . When 
b i r d s w e r e s t a n d i n g s t i l l on b o t h l e g s , a l o n g s i d e r o o s t i n g 
i n d i v i d u a l s (on o n e l e g o r l y i n g d o w n ) , t h e y w e r e 
c a t e g o r i s e d a s r o o s t i n g ; o t h e r w i s e i t was a s s u m e d t h a t t h e y 
w e r e f o r a g i n g ( i . e . w a i t i n g f o r a c u e ) . B i r d s w e r e t e r m e d 
" v i g i l a n t " i f t h e y s t o o d a n d s t r e t c h e d t h e i r n e c k s , 
o b v i o u s l y l o o k i n g o u t f o r d a n g e r . U n d e r " a g g r e s s i o n " w e r e 
i n c l u d e d a l l a g g r e s s i v e i n t e r a c t i o n s b e t w e e n two i n d i v i d u a l s 
( s c o r e d a s o n e i n t e r a c t i o n f o r t h e p a i r ) . 
F o r many y e a r s S a n d e r l i n g s h a v e b e e n c a u g h t i n a l l 
m o n t h s i n w h i c h t h e y h a v e b e e n p r e s e n t a t T e e s m o u t h ( i . e . 
f r o m A u g u s t t o J u n e ) , u s i n g m i s t and c a n n o n — n e t s , and t h e n 
r i n g e d and r e l e a s e d . Many b i r d s h a v e b e e n c o l o u r - r i n g e d 
u s i n g u n i q u e c o m b i n a t i o n s o-f r i n g s w h i c h m a k e s 
i d e n t i f i c a t i o n o f i n d i v i d u a l s p o s s i b l e . I t r i e d t o i d e n t i f y 
a s many a s p o s s i b l e o f t h o s e i n d i v i d u a l s p r e s e n t on e a c h 
v i s i t , t o i d e n t i f y t h e i r d e p a r t u r e d a t e s . 
A l l a n a l y s i s o f d a t a was c a r r i e d o u t on t h e m a i n - f r a m e 
c o m p u t e r a t t h e U n i v e r s i t y o f Durham u s i n g t h e M i c h i g a n 
T e r m i n a l S y s t e m w i t h e i t h e r t h e new S P S S x p a c k a g e 
( S t a t i s t i c a l P a c k a g e f o r S o c i a l S c i e n c e ) ( N i e e t a l . 1 9 8 3 ) 
o r a l o c a l l y d e v i s e d s t a t i s t i c a l p a c k a g e f o r z o o l o g i s t s . 
3.2 D i s t r i b u t i o n o f S a n d e r l i n g s 
T h e i d e a l method t o o b t a i n i n f o r m a t i o n on d i s t r i b u t i o n 
o f S a n d e r l i n g s w i t h i n t h e s t u d y a r e a w o u l d h a v e b e e n t o 
c o u n t b i r d s on p r e d e f i n e d s e c t o r s , f r o m a v e h i c l e d r i v e n 
a l o n g t h e b e a c h a t d i f f e r e n t t i d a l s t a g e s t h r o u g h o u t e a c h o f 
s e v e r a l d a y s . A v e h i c l e w a s n o r a v a i l a b l e a nd b e c a u s e my 
s t u d y a r e a was a p p r o x . 5 km l o n g I was n o t a b l e t o c o v e r t h e 
w h o l e a r e a f a s t e n o u g h on f o o t t o make t o t a l c o u n t s . 
T h e r e f o r e I h a d t o a p p l y o t h e r m e t h o d s t o o b t a i n i n f o r m a t i o n 
on b i r d d i s t r i b u t i o n . 
By i d e n t i f y i n g a s many c o l o u r - r i n g e d i n d i v i d u a l s a s 
p o s s i b l e t h r o u g h o u t t h e p e r i o d o f s t u d y and m a k i n g a f e w 
a s s u m p t i o n s I managed t o o b t a i n d i s t r i b u t i o n a l d a t a f o r t h e 
S a n d e r l i n g . T h e a s s u m p t i o n s w e r e t h e f o l l o w i n g : i ) c o l o u r -
r i n g e d i n d i v i d u a l s w e r e r a n d o m l y d i s t r i b u t e d i n t h e 
p o p u l a t i o n , i i ) t h e r e was t h e same c h a n c e o f s e e i n g t h e 
c o l o u r - r i n g e d b i r d s i n a l l s i t e s i f t h e y w e r e p r e s e n t 
s o m e w h e r e a t T e e s m o u t h . A l s o , b e c a u s e I s t o o d t o b e n e f i t 
m ost by m a k i n g o b s e r v a t i o n s w h e r e many b i r d s w e r e w i t h i n 
r a n g e o-f t h e t e l e s c o p e I t e n d e d t o s p e n d most t i m e w h e r e 
t h e h i g h e s t d e n s i t i e s w e r e ; t h u s i i i ) I a s s u m e d t h a t t h e 
d i s t r i b u t i o n o f s i g h t i n g s o-f c o l o u r - r i n g e d b i r d s was 
r e p r e s e n t a t i v e o-f t h e p o p u l a t i o n d i s t r i b u t i o n . 
3 . 3 I n v e r t e b r a t e s a m p l i n g 
T r a n s e c t w e r e t a k e n on C o a t h a m S a n d s b o t h a l o n g - and 
d o w n s h o r e on 1 5 t h o-f J u n e ( a n d a f e w t o c o m p l e t e t h e s u r v e y 
a week l a t e r ) . 36 d o w n s h o r e t r a n s e c t s w e r e t a k e n a t 100 a n d 
2 0 0 m i n t e r v a l s a l o n g 4 km s t r e t c h o f t h e b e a c h , t a k i n g 
s a m p l e s 0, 2 0 , 30, 4 0 , 50, 60, 80, 100 a n d 140 m e t e r s b e l o w 
h i g h w a t e r mark o f s p r i n g t i d e (MHWS). B e c a u s e o f an 
i n c o m i n g t i d e , some o f t h e l o w e s t s t a t i o n s on many t r a n s e c t s 
h a d t o be l e f t o u t ( s e e F i g . 4 . 5 ) . H e i g h t was m e a s u r e d f o r 
most s a m p l i n g s t a t i o n s on 22nd o f J u n e u s i n g a s u r v e y o r ' s 
l e v e l . T h e MHWS ( 5 . 2 m) was u s e d a s t h e z e r o l e v e l . 
T h e s e d i m e n t s a m p l e s w e r e t a k e n u s i n g a carer o f 
d i m e n s i o n s 1 0 x 1 0 x 1 0 cm ( 1 0 0 0 c m 3 ) a n d p u t i n t o l a b e l l e d 
p o l y t h e n e b a g s . A l l s a m p l e s w e r e b r o u g h t t o t h e MSc E c o l o g y 
l a b o r a t o r y i n Durham, w h e r e i n v e r t e b r a t e s w e r e e x t r a c t e d by 
s i e v i n g w i t h i n 5 d a y s o f c o l l e c t i o n . S a m p l e s w e r e k e p t i n a 
c o o l room ( 5 ° C ) . S i e v i n g w as d o n e i n 3 7 % . s a l t s o l u t i o n t o 
a v o i d o s m o t i c s h o c k f o r t h e a n i m a l s , u s i n g a s i e v e w i t h 20 
m e s h e s p e r i n c h (mesh s i z e a p p r o x . 1 mm). A n i m a l s w h i c h d i d 
n o t p a s s t h r o u g h t h e s i e v e i n a b o u t h a l f a m i n u t e s i f t i n g 
t i m e w e r e c o l l e c t e d . A l l s p e c i e s a p a r t f r o m N e r i n e 
^ A C E a t M l y s w e r e k i l l e d i n 707. a l c o h o l a n d t h e n i d e n t i f i e d 
a n d c o u n t e d . N f Q D l j a p o l y c h a e t e , c u r l s up when k i l l e d i n 
a l c o h o l and t h e r e f o r e t h e y w e r e p u t i n a v e r y d i l u t e 
F o r m a l d e h y d e s o l u t i o n t o make l e n g t h m e a s u r e m e n t s e a s i e r . 
The l e n g t h s o-f a l l undamaged N e r i n e s p e c i m e n s were measured 
to t h e n e a r e s t m i l l i m e t e r . 
A l l d a t a -for c o u n t s were trans-formed u s i n g a 
l o g a r i t h m i c t r a n s - f o r m a t i o n (log(;< + l ) ( E l l i o t t 1 9 77). 
A n a l y s i s was then c a r r i e d out on t h e trans-formed d a t a u s i n g 
S t u d e n t ' s t - t e s t -for comparison between t i d a l h e i g h t z o n e s 
and l o n g s h o r e p o s i t i o n s ( s i t e s ) . K e n d a l l rank c o e f f i c i e n t 
of c o n c o r d a n c e ( S i e g e l 1956) was used on u n t r a n s f o r m e d d a t a 
t o t e s t f o r s o n a t i o n of t h e p r e y a n i m a l s . 
3.4 P o p u l a t i o n t i m e b u d g e t s 
Time budgets were measured by u s i n g n e a r - i n s t a n t a n e o u s 
s a m p l i n g on groups, a t e c h n i q u e o f t e n r e f e r r e d t o a s s c a n 
s a m p l i n g (Altmann 1974). At r e g u l a r i n t e r v a l s t h r o u ghout 
t h e day a group of i n d i v i d u a l s was scanned i n r a p i d 
s u c c e s s i o n and each i n d i v i d u a l ' s c u r r e n t a c t i v i t y r e c o r d e d . 
Time s p e n t w a t c h i n g each i n d i v i d u a l was kept c o n s t a n t . Scan 
s a m p l i n g d a t a g i v e t h e time d i s t r i b u t i o n of b e h a v i o u r a l 
s t a t e s and b e h a v i o u r a l s y n c h r o n y i n t h e t h e group o b s e r v e d 
(Altmann 1 9 7 4 ) . 
F o r a g i n g f l o c k s of S a n d e r l i n g s (more t h a n 20) were 
scanned i n t h r e e d i f f e r e n t h a b i t a t s i ) on Redcar Rocks, 
i i ) on Coatham Sands and i i i ) on Bran Sands, though m a i n l y 
on t h e f i r s t two. S c a n s were t a k e n a t 15 minute i n t e r v a l s 
when p o s s i b l e , but movements of f l o c k s out of o b s e r v a t i o n 
range, due t o d i s t u r b a n c e or o t h e r r e a s o n s , o f t e n l e d t o 
i r r e g u l a r i t y . C a r e was t a k e n t o a v o i d i n c l u d i n g t h e same 
i n d i v i d u a l more th a n once i n each s c a n . A c t i v i t y of each 
i n d i v i d u a l was c a t e g o r i s e d a s d e s c r i b e d above and t a p e 
r e c o r d e d a s soon a s t h e b i r d was s p o t t e d . E a c h s c a n took 
l e s s t h a n 5 minutes, depending on f l o c k s i z e and 
d i s t r i b u t i o n , so t h a t o n l y -few s e c o n d s were s p e n t on each 
i n d i v i d u a l . I t r i e d t o d i v i d e t h e o b s e r v a t i o n p e r i o d s a s 
e v e n l y a s p o s s i b l e throughout t h e t i d a l c y c l e and t h e 8 week 
s t u d y p e r i o d , but p l a n n i n g i n advance was o f t e n n e g a t e d by 
bad weather. 
To a l l o w f o r d i f f e r e n c e s i n sample s i z e a l l d a t a were 
t r a n s f o r m e d i n t o p r o p o r t i o n s (each b e h a v i o u r a s a p e r c e n t a g e 
of a l l o b s e r v e d b e h a v i o u r a l e v e n t s ) t o make t h e s c a n s a m p l e s 
comparable. I n v e s t i g a t i o n of t h e s e p r o p o r t i o n s , o t h e r w i s e 
u n t r e a t e d , showed t h a t f o r a l l b e h a v i o u r a l s t a t e s t h e 
d i s t r i b u t i o n of t h e d a t a was s i g n i f i c a n t l y skewed. A l l 
a t t e m p t s t o c o r r e c t t h e skewness by t r a n s f o r m a t i o n s of t h e 
d a t a f a i l e d and t h e r e f o r e n o n - p a r a m e t r i c s t a t i s t i c s were 
a p p l i e d ( S i e g e l 1 956). 
To s i m p l i f y a n a l y s i s , t h e d a t a were pooled when 
p o s s i b l e . The K r u s k a l - W a l 1 i s one-way anova was used t o t e s t 
whether d a t a c o u l d l e g i t i m a t e l y be pooled. C h i — s q u a r e t e s t s 
(on o b s e r v e d numbers) were used t o t e s t f o r d i f f e r e n c e s . 
3.5 F o r a g i n g r a t e s 
When m o n i t o r i n g f e e d i n g r a t e s and o t h e r b e h a v i o u r s , I 
o b t a i n e d d a t a p r i m a r i l y from c o l o u r - r i n g e d B a n d e r l i n g s . I 
began by s e l e c t i n g i n d i v i d u a l s which were known from 
p r e v i o u s y e a r s ' r e c o r d s t o l e a v e l a t e i n May or i n June, t o 
be a b l e t o f o l l o w them throughout t h e p r e — m i g r a t o r y p e r i o d , 
t a k i n g s e r i e s of measurements. However I s p e n t v a l u a b l e 
time l o o k i n g f o r t h e s e b i r d s w i t h o u t f i n d i n g them. L a t e r , 
when t h e number of c o l o u r - m a r k e d b i r d s d e c r e a s e d , I began t o 
t a k e measurements on a l l a v a i l a b l e b i r d s , r e g a r d l e s s of 
t h e i r d e p a r t u r e d a t e s i n p r e v i o u s y e a r s . The l a s t s i g h t i n g s 
of i n d i v i d u a l s were assumed t o be t h e r e s u l t o-f d e p a r t u r e 
r a t h e r than d e a t h (many o-f t h e i n d i v i d u a l s have a g a i n 
r e t u r n e d t o Teesmouth a f t e r t h e 1984 b r e e d i n g s e a s o n 
(D.Townshend, pers.comm.)). 
F o r a g i n g r a t e s were measured by o b s e r v i n g a s e l e c t e d 
f o r a g i n g i n d i v i d u a l ( i . e . a c o l o u r - r i n g e d b i r d ) f o r 5 
m i nutes and d e s c r i b i n g and c o u n t i n g a l l i t s movements on a 
t a p e r e c o r d e r . The 5 m i n u t e s d u r a t i o n t i m e was s e l e c t e d 
h a v i n g r e g a r d t o o t h e r s t u d i e s on waders u s i n g s i m i l a r 
methods. Townshend <1982) i n h i s s t u d y of Grey P l o v e r s 
( F l u v i a l i s s g j a a t a r g l a ) and Curlew (Numenius a r q u a t a ) came t o 
t h e c o n c l u s i o n t h a t 4 m inutes was a s u f f i c i e n t t i m e — p e r i o d 
and t h a t l o n g e r measurements d i d not d e c r e a s e t h e v a r i a t i o n . 
Dugan (1981) who a l s o t e s t e d f o r o p t i m a l d u r a t i o n of 
o b s e r v a t i o n i n h i s s t u d y on Grey P l o v e r used more tha n 3 
m i n u t e s . As t h e S a n d e r l i n g s move i n a l l r e s p e c t s f a s t e r 
than Grey P l o v e r s , 5 m i n u t e s was t a k e n a s s u f f i c i e n t 
d u r a t i o n . The o b s e r v a t i o n p e r i o d was measured u s i n g a 
s t o p w a t c h w i t h a b l e e p e r . A c t u a l t i m i n g of s e p a r a t e 
b e h a v i o u r a l e v e n t s was i m p o s s i b l e b e c a u s e of t h e f a s t 
movements of S a n d e r l i n g s . (Some o b s e r v a t i o n s were l e s s t h a n 
5 m i n u t e s due t o d e p a r t u r e of t h e i n d i v i d u a l , c a u s e d by 
d i s t u r b a n c e or o t h e r r e a s o n s . T h e s e measurements were used 
i n t h e a n a l y s e s p r o v i d e d t h a t o b s e r v a t i o n s l a s t e d more than 
60 s e c o n d s . ) 
To check t h e v a l i d i t y of f i e l d measurements and i n t h e 
hope t h a t i t might s o l v e t h e problem of measuring f e e d i n g 
s u c c e s s r a t e , v i d e o f i l m s of f o r a g i n g S a n d e r l i n g s were 
t a k e n t h e 2 4 t h of May. A Sony v i d e o c a m e r a was used, 
p r o v i d e d w i t h a 25-300 mm manual zoom l e n s and a t t a c h e d t o a 
H i t a c h i v i d e o - r e c o r d e r . The f i l m was l a t e r a n a l y s e d ( u s i n g 
a JVC v i d e o - p r o j e c t o r ) ; i ) by t a k i n g r e p e a t e d measurements 
i n s e l e c t e d p a r t s (1 - 2 '4 min. ) p l a y e d a t normal speed, 
u s i n g t h e same methods a s i n t h e f i e l d and i i ) s l o w i n g t h e 
f i l m s u f f i c i e n t l y t o a l l o w a c c u r a t e c o u n t i n g of each 
b e h a v i o u r a l e v e n t . 
D ata a n a l y s e s were c a r r i e d out u s i n g r a t e s per minute. 
Only f o r a g i n g r a t e s were a n a l y s e d , b e c a u s e o t h e r e v e n t s 
which c o u l d be p r e s e n t e d a s r a t e s were to o i n f r e q u e n t . Data 
d i s t r i b u t i o n were t e s t e d f o r skewness and t r a n s f o r m e d where 
a p p r o p r i a t e . T r a n s f o r m a t i o n s used t o s t a b i l i z e t h e v a r i a n c e 
i n c l u d e d s q u a r e r o o t t r a n s f o r m a t i o n (;< + l ) and l o g a r i t h m i c 
t r a n s f o r m a t i o n s ( l o g x ) (Snedecor & Cochran 1967). The 
t r a n s f o r m e d d a t a were then a n a l y s e d u s i n g r e g r e s s i o n and 
c o r r e l a t i o n t e c h n i q u e s . C omparisons between groups were 
made u s i n g S t u d e n t ' s t — t e s t . 
C h a p t e r 4 RESULTS 
4.1 Di s t r i p u t i on of S a n d e r 1 i ngs 
The d i s t r i b u t i o n o-f S a n d e r l i n g s was s t u d i e d t o answer 
t h e q u e s t i o n whether u t i l i s a t i o n o-f t h e -feeding a r e a s l y i n g 
t o t h e s o u t h of South Gare, Teesmouth, v a r i e d w i t h t i d a l 
s t a g e ( c f . B r e a r e y 1982) and whether i t r e l a t e d t o d e n s i t i e s 
of t h e main p r e y s p e c i e s of S a n d e r l i n g ( s e e s e c t i o n 4 . 2 ) . I 
a l s o examined whether t h e u t i l i z a t i o n p a t t e r n changed d u r i n g 
t h e 8 week p e r i o d of s t u d y . 
Out of a t o t a l of 711 s i g h t i n g s of c o l o u r - r i n g e d 
S a n d e r l i n g s , 636 from Redcar Rocks and Coatham Sands were 
used f o r a n a l y s i s . The r e m a i n i n g s i g h t i n g s were from ( i ) 
t h e "Ducky", which was not a f e e d i n g a r e a , ( i i ) s i t e E on 
Coatham Sands which was not i n c l u d e d i n t h e i n v e r t e b r a t e 
s u r v e y and ( i i i ) from Bran Sands which were o n l y r a r e l y 
v i s i t e d . 
Two a n a l y s e s were made; ( i ) a comparison between 
numbers of s i g h t i n g s on Redcar Rocks on t h e one hand and t h e 
whole of Coatham Sands ( s i t e s F t o J pooled) on t h e o t h e r , 
r e g a r d l e s s of t i d a l s t a g e s . T h i s was done t o s e e how t h e s e 
two h a b i t a t s were u t i l i z e d i n d i f f e r e n t weeks; ( i i ) a 
comparison amongst s i t e s (F t o J ) on Coatham Sands a t 
d i f f e r e n t t i d a l s t a g e s , u s i n g p ooled d a t a from a l l weeks. 
T h i s was done t o s e e whether t h e r e was a r e l a t i o n s h i p 
between d i s t r i b u t i o n of f o r a g i n g S a n d e r l i n g s on t h e beach 
and measured d e n s i t i e s of t h e i r main prey a n i m a l s , a t each 
s t a g e of t h e t i d a l c y c l e . 
The r e s u l t s from t h e f i r s t p a r t a r e shown i n F i g u r e 
4.1. F o r t h e f i r s t f o u r weeks t h e p r o p o r t i o n s of s i g h t i n g s 
i n t h e two a r e a s were s i m i l a r (40—60%) (n a m c h i - s q u a r e 
t e s t on raw d a t a f o r weeks 1 - 4 gave "X.t= 6.99, p > 0 . 0 5 ) . 
F o r t h e r e m a i n i n g t h r e e weeks (5 - 7) t h e p r o p o r t i o n s 
between s i t e s d i v e r g e d but d i d not d i f f e r s i g n i f i c a n t l y 
amongst t h e weeks ( X a = 5.71, p > 0 . 0 5 ) . However when a l l 
t h e weeks were compared t h e r e s u l t s were h i g h l y 
s i g n i f i c a n t l y inhomogenous ( X % - 93.98, p < 0 . 0 0 1 ) . T h i s 
s u g g e s t s t h a t around t h e m i d d l e of May t h e b i r d s b e h a v i o u r 
changed. S a n d e r l i n g s a l m o s t gave up u s i n g Redcar Rocks over 
t h e low water p e r i o d , and began u s i n g Coatham Sands 
t h r o u g h o u t t h e e n t i r e t i d a l c y c l e . I kept on c e n s u s i n g 
Redcar Rocks throughout t h e s t u d y p e r i o d , but was u n a b l e t o 
o b t a i n any d a t a t h e r e i n t h e l a s t t h r e e weeks b e c a u s e of low 
number of b i r d s p r e s e n t . I can o n l y g u e s s t h a t t h i s s h i f t 
was due t o i n c r e a s e d d i s t u r b a n c e by h o l i d a y makers a t 
R e d c a r . U n f o r t u n a t e l y , no q u a n t i t a t i v e d a t a were o b t a i n e d 
on magnitude of d i s t u r b a n c e . 
U n t i l mid May t h e u t i l i z a t i o n of t h e a r e a f o l l o w e d t h e 
same p a t t e r n s a s noted by B r e a r e y (1982) f o r t h e p e r i o d 
August t o A p r i l . The main f e a t u r e s were t h a t on t h e ebbing 
t i d e , a f t e r h i g h water, b i r d s t h a t had been r o a s t i n g on t h e 
Ducky moved g r a d u a l l y a l o n g t h e beach t o w a r d s Redcar Rocks, 
where a g r e a t p r o p o r t i o n s p e n t t h e low water p e r i o d (when 
t h e r o c k s were e x p o s e d ) . The r e v e r s e happened on t h e 
f l o o d i n g t i d e . 
The second a n a l y s i s was conducted a s f o l l o w s . F i r s t I 
compared t h e us e of t h e d i f f e r e n t s i t e s on Coatham Sands by 
S a n d e r l i n g s between t h e two p r e v i o u s l y mentioned t i m e 
17. 
F i g u r e .4.1. U t i l i z a t i o n o-f Coatham Sands and R e d c a r 
Rocks by S a n d e r l i n g s i n di-f-ferent weeks, p r e s e n t e d a s 
p r o p o r t i o n s o-f a l l o b s e r v a t i o n s o-f c o l o u r r i n g e d b i r d s 
w i t h i n s i t e s . 
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p e r i o d s (weeks 1-4 and 5-8) a t d i f f e r e n t s t a g e s of t h e t i d a l 
c y c l e . D uring t h e p e r i o d u n t i l mid May not a s i n g l e 
s i g h t i n g of c o l o u r - r i n g e d i n d i v i d u a l was made on t h e ebbing 
t i d e on s i t e J and o n l y a few on s i t e I . These s i t e s were 
p r i m a r i l y used one t o two h o u r s a f t e r LW. A f t e r mid May t h e 
u t i l i z a t i o n of s i t e s I t o J changed markedly. S i t e I was 
used p a r t i c u l a r l y on t h e ebbing and f l o o d i n g t i d e s but not 
over t h e p e r i o d LW ± 2h. S i t e J was p r i m a r i l y u s e o v e r t h e 
low water p e r i o d ( s e e F i g u r e 4 . 2 ) . F o r o t h e r s i t e s on 
Coatham Sands no o b v i o u s change i n us e o c c u r r e d between t h e 
p e r i o d s b e f o r e and a f t e r mid May. I t h e r e f o r e p ooled 
o b s e r v a t i o n s from a l l weeks t o o b t a i n an o v e r a l l p i c t u r e of 
u t i l i z a t i o n of d i f f e r e n t s i t e s a l o n g t h e beach a t d i f f e r e n t 
t i d a l s t a g e s . Data were c o r r e c t e d f o r d i f f e r e n c e s i n t h e 
s i z e of each s i t e by a j u s t i n g t h e number o b s e r v e d i n each 
a c c o r d i n g t o t h e l e n g t h of beach i n v o l v e d . The r e s u l t s a r e 
p r e s e n t e d i n F i g u r e s 4.3 and 4.4. F i g u r e 4.3 shows t h e 
c o r r e c t e d p r o p o r t i o n of s i g h t i n g s a t t h e d i f f e r e n t s i t e s (F 
t o J ) a t e l e v e n t i d a l s t a g e s (approx. one hour e a c h ) . 
F i g u r e 4.4 shows t h e p r o p o r t i o n s of S a n d e r l i n g s w i t h i n each 
s i t e u s i n g i t a t s i x d i f f e r e n t t i d a l h e i g h t s which 
c o r r e s p o n d r o u g h l y t o t h e h e i g h t z o n e s used i n t h e 
i n v e r t e b r a t e a n a l y s i s ( s e e s e c t i o n 4 . 2 ) . These r e s u l t s w i l l 
be d i s c u s s e d j o i n t l y w i t h t h e r e s u l t s from t h e i n v e r t e b r a t e 
s u r v e y . 
4. 2 Di s t r i but i on of t h e S a n d e r 1 i ngs main p r e y 
Although a l l m a c r o — i n v e r t e b r a t e s p r e s e n t i n t h e s a m p l e s 
were e x t r a c t e d , t h e s t u d y f o c u s s e d on t h e dominant p r e y 
s p e c i e s . Those s p e c i e s and groups which were l e f t out ( e . g . 
19. 
F i g u r e 4.2 P e r c e n t a g e o-f s i g h t i n g s of c o l o u r r i n g e d 
S a n d e r l i n g s w i t h i n s i t e s J and I on Coatham Sands a t d i f f -
e r e n t h o u r s of t i d e . The o b s e r v a t i o n s a r e s p l i t i n t o two 
p e r i o d s , weeks 1 t o 4 and 5 t o 7, w h i c h a r e compared. 
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= 4.. 3 D i s t r i b u t i o n o-f -feeding S a n d e r l i n g s a l o n g 
am S a n d s i n r e l a t i o n t o t i m e o-f t i d e . The p r o p o r t i o n 
g h t i n g s o-f c o l o u r r i n g e d b i r d s a t e a c h s i t e and a t e a c h 
D-f t i d e i s shown (n=402) . The numbers were a d j u s t e d 
Bngth o-f t h e s i t e s . D a t a -from a l l weeks (1-8) p o o l e d . 
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p e l y c h a e t e s p e c i e s Nephthys spp., t h e c r u s t a c e a n s T a l 1 t r u s 
s a l t a t or and Haustpr i us a r e n a r i j j s ) were r e p r e s e n t e d by o n l y 
a -few i n d i v i d u a l s and o f t e n i n v e r y r e s t r i c t e d a r e a s . They 
were assumed to be o-f l i t t l e i m p o r t a n c e t o f o r a g i n g 
S a n d e r l i n g s . 
The t h r e e groups of i m p o r t a n c e were t h e p o l y c h a e t e 
s p e c i e s N e r i n e c i r r a t u l u s ( D e l l e C h i a j a ) , t h e amphi pod genus 
B a t h y p o r e i a ( p r i m a r i l y B. p e l a g i c a ( B a t e ) but a l s o 
B . c f . p i 1osa ( L i n d s t r o m ) , which was much l e s s f r e q u e n t ) and 
t h e i s o p o d s p e c i e s Eyr_ydJL_ce PJJlcJira. ( L e a c h ) . The d e c i s i o n 
was t a k e n not t o s e p a r a t e t h e B a t h y p o r e i a s p e c i e s i n t h e 
a n a l y s i s but t o t r e a t them a s one group. 
Data were pooled f o r t r a n s e c t s w i t h i n each s i t e a l o n g 
Coatham Sands but d i v i d e d i n t o s i x h e i g h t - z o n e s , a s 
i l l u s t r a t e d i n F i g u r e 4.5. The d a t a were grouped i n t o f i v e 
s i t e s (F t o J ) t o o b t a i n i n f o r m a t i o n which c o u l d be compared 
d i r e c t l y t o t h e d i s t r i b u t i o n a l d a t a of S a n d e r l i n g s , r a t h e r 
than d e a l i n g w i t h each t r a n s e c t i n d e p e n d e n t l y . The h e i g h t -
z o n e s c o v e r e d 0.5 m h e i g h t r a n g e s a s f o l l o w s , c o u n t i n g up 
t h e s h o r e : zone 5 = 2.2 t o 2.7 m, zone 4 = 2.7 t o 3.2 m, 
zone 3 = 3.2 t o 3.7 m, zone 2 3.7 t o 4.2 m, zone 1 = 4.2 t o 
4.7 m and zone 0 = 4.7 t o 5.2 m. Heig h t - z o n e 0 was not 
i n c l u d e d i n t h e a n a l y s i s b e c a u s e no Nej7_Lne and v e r y s m a l l 
numbers of o t h e r main pr e y s p e c i e s were found t h e r e . The 
a v e r a g e c o u n t s ( p r e s e n t e d a s numbers m - 3 ) f o r t h e t h r e e 
most i m p o r t a n t groups of p r e y a r e shown i n T a b l e 4.1. 
Weighted column a v e r a g e s ( d e r i v e d from a l l s a m p l e s i n z o n e s 
1 t o 4 w i t h i n each s i t e ) and w e ighted row a v e r a g e s ( d e r i v e d 
from a l l s a m p l e s from each h e i g h t — z o n e i n a l l t r a n s e c t s ) a r e 
a l s o g i v e n . 
F i g u r e 4.5 S a m p l i n g s t a t i o n s and t h e h e i g h t z o n e s i n 
t h e i n v e r t e b r a t e s u r v e y on Coatham Sands. E a c h h e i g h t zone 
c o v e r s Q.5m h e i g h t d i f f e r e n c e . 
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PREY D E N S I T I E S , (n o s . m" 3) 
Ave r a g e d e n s i t i e s o-f S a n d e r l i n g ' s t h r e e main p r e y i n v e r t e 
• r a t e s , i n di-f-ferent h e i g h t - z o n e s a t v a r i o u s s i t e s a l o n 
Coatham Sands. The h e i g h t - z o n e s c o v e r 0.5 m h e i g h t r a n g e 
g o i n g -from 0 ( n e a r HW) t o 5 ( n e a r LW) . 
a) Number o-f samples w i t h i n 
d e n s i t i e s Mere c a l c u l a t e d . 
s i t e s and zones -from which mean 
Height S i t e : 
—zone F S H I J n 
• 6 5 5 11 16 43 
1 6 7 7 21 20 61 
2 14 12 10 27 29 92 
3 12 10 8 13 17 60 
4 10 7 1 5 14 37 
5 2 4 0 0 0 6 
m 50 45 31 77 96 299 
b) Nerine c i r r a t u l u s 
Height S i t e : weighted 
-zone F G H I J mean 
a 0 0 0 0 0 0 
1 971 557 1 10 257 
2 236 475 340 63 79 178 
3 100 120 113 154 71 108 
4 140 0 0 60 128 94 
5 (0) (50) - - - -weighted 
mean 188 334 315 103 69 (141.5 
c) E u r v d i c e Dulchra 
Height S i t e : wei ghted 
-zone F G H I J mean 
0 17 0 0 0 0 2 
1 83 14 14 48 490 189 
2 36 8 40 85 317 136 
3 58 10 13 62 100 57 
4 40 43 0 0 107 59 
(0) (25) - - - -
wei ghted 
mean 50 17 23 62 278 (99.7 
d) BathvDoreia SDD. 
Height S i t e : wei ghted 
—zone F G H I J mean 
• 0 a 0 9 6 5 
1 67 29 14 181 455 _> 
2 179 25 40 626 338 
120 163 77 82 140 
4 350 86 0 80 71 149 
5 (250) (125) - - - -wei ghted 
mean 236 64 69 335 266 (196.0 
The downshore d i s t r i b u t i o n o-f t h e pre y s p e c i e s was 
examined by u s i n g r a n k i n g t e c h n i q u e s ( K e n d a l l c o e - f - f i c i e n t of 
concordance, W ( S i e g e l 1 9 5 6 ) ) , r a n k i n g t h e zones w i t h i n each 
s i t e u s i n g mean d e n s i t i e s ( T a b l e 4 . 1 ) . The h i g h e s t d e n s i t y 
was ranked a s 1, t h e second h i g h e s t a s 2 e t c . The r a n k s 
were then added f o r each s i t e g i v i n g t h e v a l u e s X F t o X J . 
The f o r m u l a f o r c a l c u l a t i n g c o n c o r d a n c e 
12 S 
W = 
m2 n (n-1) 
was t h e n a p p l i e d where m = no. of s i t e s , n = no. of zo n e s 
and S - (x*«=»r- »±*»-x) = , where x = mean of X F t o xa. The 
s i g n i f i c a n c e of W was t e s t e d u s i n g t h e v a r i a n c e r a t i o t e s t 
s t a t i s t i c F, where 
(m-1) W 
F = 
1 - W 
w i t h c a l c u l a t e d d e g r e e s of freedom 
P i = n-l-2/m and P = = (m - D P i 
Comparisons f o r both N e r i n e and E u r y d i c e gave W-values 
which were s i g n i f i c a n t on t h e 0.01 p r o b a b i l i t y l e v e l ( s e e 
T a b l e 4 . 2 ) . Such a h i g h p r o b a b i l i t y s u g g e s t s t h a t t h e r e i s 
an agreement amongst t h e s i t e s a s t o which zone has h i g h e s t 
d e n s i t y . The sum of r a n k s w i t h i n z o n e s i n d i c a t e s t h e o r d e r 
of r e l a t i v e d e n s i t y , t h e s m a l l e s t sum i n d i c a t i n g t h e zone of 
h i g h e s t d e n s i t y . 
These r e s u l t s show: i ) t h a t N e r i n e i s most abundant a t 
h e i g h t zone 1 and numbers d e c r e a s e down t h e s h o r e , i i ) t h a t 
E j j r y d i c e i a a l s o most abundant h i g h on t h e s h o r e and t h a t 
numbers d e c r e a s e down t h e s h o r e , and i i i ) t h a t B a t h y p o r e i a 
showed no s i g n i f i c a n t z o n a t i o n . When t h e a b s o l u t e 
abundances of each p r e y s p e c i e s w i t h i n each zone, a t each 
T a b l e 4.2 
"DOMINANCE". Ranks of mean d e n s i t i e s o-f S a n d e r l i n g ' s t h r e e 
main p r e y i n v e r t e b r a t e s , -for d i f f e r e n t h e i g h t - z o n e s w i t h i n a 
s i t e , used t o c a l c u l a t e t h e o r d e r of dominance of t h e z o n e s . 
a> S e r i n e c i r r a t u l u s 
H e i g h t S i t e s sum of 
-zone F G H I J r an k s 
1 1 1 1 2 4 9 
2 11 
3 4 •J? 1 3 14 
4 4 4 4 1 16 
C a l c u l a t e d W = 1. 16 
C a l c u l a t e d F = 29.0, (p < 0. 01) S i g n i f i c a n t . 
b) E u r y d i c e p u l c h r a 
H e i g h t S i t e s sum of 
-zone F G H I J r a n k s 
1 1 2 2 1 9 
2 4 4 1 1 12 
2 3 2 4 14 
4 1 4 4 3 15 
C a l c u l a t e d W = 0.84 
c a l c u l a t e d F = 21.0, (p < 0. 01) S i g n i f i c a n t . 
c ) B a t h y p o r e i a spp. 
H e i g h t S i t e s sum of 
—zone F G H I J r a n k s 
1 4 3 .3 2 1 13 
2 4 1 *-l 12 
3 1 1 4 11 
4 1 4 T _ ' 4 14 
C a l c u l a t e d W = 0.20 
C a l c u l a t e d F = 1.0 (p > 0.05) Not s i g n i f i c a n t . 
F i g u r e 4.6 a) t o c ) Mean d e n s i t i e s (No.o-f i n d i v . m - 3 ) 
of S a n d e r l i n g ' s t h r e e main p r e y i n v e r t e b r a t e s w i t h i n s i t e s 
and h e i g h t z o n e s on Coatham Sands compared w i t h d) The 
d i s t r i b u t i o n of f o r a g i n g S a n d e r l i n g s a t s i x t i d a l h e i g h t s 
p r e s e n t e d a s p r o p o r t i o n s of a l l s i g h t i n g s , a j u s t e d f o r 
l e n g t h of s i t e s . 
a 
i Bathyporeia spp. 
/ / / 700 / / / 
z / 350 z / 2 / / 
Site 
/ / / / / / 500 
b / / / Eurydice pulchra | / / / / / 250 7 7 / 
/ / rl"ili,vlfl 
Site 
c 
| Nerine cirratulus & 
1 
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1 / 
/ 300 as / 
/ 7 / / 
Sue 
K 7 15 
/ d 7-5 
Sanderling } I 
7 / LW F G H I J 
s i t e , a r e p l o t t e d ( F i g u r e 4.6) i t i s c l e a r t h a t N e r i n e and 
E u r y d i ce show marked z o n a t i o n . 
When h e i g h t z o n a t i o n s w i t h i n s i t e s were examined, u s i n g 
K e n d a l l rank c o r r e l a t i o n c o e - f - f i c i e n t , T ( t a u ) ( S i e g e l 1956), 
i t became c l e a r t h a t t h e f a i l u r e t o f i n d a c o n s i s t e n t 
z o n a t i o n of B a t h y p o r e i a was c a u s e d by d i f f e r e n c e s between 
s i t e s . The t e s t showed t h a t w i t h i n s i t e s F and G 
B a t h y p o r e i a d e n s i t y i n c r e a s e d s i g n i f i c a n t l y down t h e s h o r e 
( T n e g a t i v e ) but v i c e v e r s a on J ( T p o s i t i v e ) ( T a b l e 4.3 a ) . 
N e r i n e a l s o showed i r r e g u l a r i t i e s i n z o n a t i o n which were not 
d e t e c t e d i n t h e c o n c o r d a n c e t e s t . N e r i ne abundance 
d e c r e a s e d s i g n i f i c a n t l y down t h e s h o r e i n s i t e s F, G and H 
but i n c r e a s e d i n J where i t was scarce. F o r E u r y d i c e 
d e n s i t i e s two s i g n i f i c a n t c o r r e l a t i o n s were found between 
abundance and zone, i n s i t e s F and J , where Eury_dice became 
l e s s abundant down t h e s h o r e ( T a b l e 4.3 a ) . 
To examine t h e a l o n g s h o r e d i s t r i b u t i o n of t h e p r e y 
a n i m a l s , t h e K e n d a l l rank c o r r e l a t i o n c o e f f i c i e n t was used 
a g a i n . I t e s t e d f o r c o r r e l a t i o n s between d e n s i t i e s and 
s i t e s w i t h i n h e i g h t — z o n e s ( s e e T a b l e 4.3 b, f o r n u m e r i c a l 
r e s u l t s ) . The Neri ne d e n s i t y d e c r e a s e d s i g n i f i c a n t l y a l o n g 
t h e beach from e a s t (G) t o west ( J ) w i t h i n h e i g h t - z o n e s 1 
and 2 ( T n e g a t i v e ) . However, w i t h i n h e i g h t — z o n e s 3 t o 5 t h e 
c o r r e l a t i o n was p o s i t i v e , but not s i g n i f i c a n t a t t h e 5X 
l e v e l . Eur^yd.L ce d e n s i t y i n c r e a s e d s i g n i f i c a n t l y a l o n g t h e 
beach from e a s t t o west w i t h i n h e i g h t - z o n e s 1, 2 and 3; 
?.#^j?..yjP.orei_a i n c r e a s e d s i g n i f i c a n t l y from e a s t t o west w i t h i n 
h e i g h t — z o n e 1 but v i c e v e r s a w i t h i n z o n e s 3 and 4. 
When v a r i a t i o n s i n i n v e r t e b r a t e d e n s i t y a r e examined 
(both w i t h i n s i t e and w i t h i n zone, F i g s . 4.6 and 4.7) t h e 
T a b l e 4.3 
C o r r e l a t i o n m a t r i c e s e x a m i n i n g a) t r e n d s i n d e n s i t i e s of 
i n v e r t e b r a t e s w i t h h e i g h t - z o n e w i t h i n e a c h s i t e b) t r e n d s i n 
d e n s i t i e s o-f i n v e r t e b r a t e s a l o n g s h o r e w i t h i n e a c h h e i g h t -
zone. Number o-f s a m p l e s = 256. ( l ) K e n d a l l s r a n k c o r r e l a t i o n 
coe-f f i c e n t , (2) P r o b a b i l i t y , (3) S i g n i f i c a n c e . 
NER. = N e r i n e c i r r a t u l u s , EUR. = E u r y d i c e p u l c h r a , BAT.= 
B a t h y p o r e i a spp. 
a) W i t h i n s i t e 
F G H I J 
-0.32 -0.68 -0.66 +0.11 +0.29 (1) 
NER. 0.0O6 0.000 0.000 0.162 0.002 (2) 
** *** *** n . s ** (3) 
-0.24 +0.19 -0.06 -0.02 -0.18 (1) 
EUR. 0.035 0.094 0.379 0.412 0.030 (2) 
* n . s . n . s . n . s . * (3) 
+0.24 +0.30 +0.28 -0.04 -0.19 (1) 
BAT. 0.023 0.014 0.062 0.366 0.021 (2) 
# * n . s . n . s . * (3) 
b) W i t h i n zone 
0 1 2 3 4 5 
-0.62 -0.38 +0.03 +0.05 +0.50 (1) 
NER. - 0.000 0.000 0.404 0.361 0.132 (2) 
- *** *** n . s . n . s . n . s . (3) 
-0.22 +0.26 +0.33 +0.23 +0.18 +0.32 (1) 
EUR. 0.061 0.009 0.000 0.021 0.110 0.204 (2) 
n . s . ** *** * n . s . n . s . (3) 
+0.11 +0.27 +0.10 -0.28 -0.32 -0.20 (1) 
BAT. 0.209 0.006 0.134 0.005 0.012 0.311 (2) 
n . s . ** n . s . ** * n . s . (3) 
3 0 . 
F i g u r e 4_-J7 Numbers o-F N e r i n e c i r r a t u l u s -found i n e a c h 
lDx10x10 cm sample i n t h e i n v e r t e b r a t e s u r v e y on Coatham 
Sands 15th and 22nd June 1984. A dot i n d i c a t e s s t a t i o n s 
where no N e r i n e were -found. 
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d i s t r i b u t i o n of N e r i n e r a t h e r t h a n o t h e r s p e c i e s , c o r r e l a t e s 
most c l o s e l y w i t h t h e o b s e r v e d d i s t r i b u t i o n o-f -foraging 
S a n d e r l i n g s a l o n g t h e beach. The b i r d s use s i t e s F, G and H 
m a i n l y a t t i m e s when o n l y t h e upper s h o r e i s exposed ( s e e 
F i g s 4.4 and 4 . 6 ) . T h i s i s shown q u a n t i t a t i v e l y i n T a b l e 
4.4 i n which o b s e r v a t i o n s o-f S a n d e r l i n g s have been d i v i d e d 
a c c o r d i n g t o l o c a t i o n a l o n g t h e beach and t i d a l l e v e l . 
( B e c a u s e t h e b i r d s f e e d m a i n l y c l o s e t o t h e w a t e r s edge t h i s 
d i v i s i o n was p o s s i b l e ) . S a n d e r l i n g s u t i l i z e d t h e two h a l v e s 
of t h e beach t o s i g n i f i c a n t l y d i f f e r e n t e x t e n t s between t h e 
two t i d a l s t a g e s ( X* = 32.79, p < 0 . 0 0 1 ) . Amongst t h e 
i n v e r t e b r a t e s , o n l y t h e d i s t r i b u t i o n of N e r i n e , c o n s i d e r e d 
i n r e l a t i o n t o h a l f of beach and t i d a l s t a g e , c o r r e s p o n d s t o 
t h a t of S a n d e r l i n g . I am aware of t h a t t h e v a l i d i t y of t h e 
f o l l o w i n g c o m p a r i s o n , where S a n d e r l i n g d i s t r i b u t i o n based on 
o b s e r v a t i o n s over a p e r i o d of 8 weeks i s compared t o t h e 
d i s t r i b u t i o n of t h e p r e y i n v e r t e b r a t e s measured when t h e 
b i r d s had l e f t t h e a r e a , might be l i m i t e d . T h e r e i s a 
p o s s i b i l i t y t h a t t h e p r e d a t i o n by S a n d e r l i n g s might have 
a l t e r e d t h e a p p a r e n t d i s t r i b u t i o n of t h e i r p r e y . However 
t h i s i s t h e c l o s e s t I can g e t . I c o n f i r m e d t h i s s i m i l a r i t y 
s t a t i s t i c a l l y by t h e f o l l o w i n g method. The mean d e n s i t i e s 
of t h e p r e y s p e c i e s w i t h i n t h e two h e i g h t l e v e l s ( zones 1 t o 
3 p o o l e d (upper s h o r e ) and zones 4 t o 5 pooled ( l o w e r 
s h o r e ) ) and two a r e a s of t h e beach ( s i t e s F t o H pooled 
( e a s t e r n h a l f ) and I and J p ooled ( w e s t e r n h a l f ) ) were 
compared u s i n g S t u d e n t ' s t - t e s t s The r e s u l t s a r e shown i n 
T a b l e 4.5. W i t h i n t h e upper h a l f of t h e s h o r e t h e r e were 
s i g n i f i c a n t a l o n g s h o r e d i f f e r e n c e s i n d e n s i t y f o r a l l t h r e e 
i n v e r t e b r a t e s w i t h N e r i n e d e n s i t y h i g h e r i n s i t e F t o H t h a n 
3 2 . 
T a b l e 4 = 4 
O b s e r v a t i o n s o-f c o l o u r - r i n g e d S a n d e r l i n g s on Coatham Sands 
d i v i d e d i n t o f o u r groups a c c o r d i n g t o l o c a t i o n a l o n g t h e 
beach and t i d a l l e v e l . The d i v i s i o n assumes t h a t t h e b i r d s 
f e d c l o s e t o t h e w a t e r s edge. 2*2 c o n t i n g e n c y t a b l e ( o b s e r v -
a t i o n s a r e t h e main e n t r i e s ; e x p e c t a t i o n s a r e i n b r a c k e t s ) . 
Upper s h o r e = o b s e r v a t i o n s 3 t o 6 h b e f o r e or a f t e r LW, 
lower s h o r e = o b s e r v a t i o n s a t LW ± 3 h. 
S i t e s F t o H S i t e s I & J T o t a l s 










T o t a l s : 136 266 402 
32.79, p 0. 001 
Tab ! e 4 . 5 
C o m p a r i s o n s of d e n s i t i e s o-f i n v e r t e b r a t e s between two beach 
l e v e l s (upper and l o w e r ) and between t h e e a s t e r n and w e s t e r n 
h a l v e s o-f Coatham Sands. a) Number of s a m p l e s i n e a c h 
l o c a t i o n , b) S t u d e n t ' s t - t e s t r e s u l t s , w i t h t - v a l u e s a s t h e 
main e n t r i e s and p r o b a b i l i t i e s i n b r a c k e t s . 
a) 
e a s t e r n h a l f w e s t e r n h a l f 
upper 
1 e v e l 86 127 
1 ower 
1 e v e l 19 
b) 
N e r i n e E u r y d i c e B a t h y p o r e i a d f . 
e a s t v s west 








e a s t v s w e s t 
lower s h o r e 
-1.09 
(0.281) 





upper v s l o w e r +4.36 -0.15 -1.85 
e a s t e r n h a l f (0.000) (0.881) (0.067) 
108 
upper v s l o w e r 








on I and J but w i t h both E u r y d i c e and B ajt h y p o r e i a h i g h e r on 
t h e w e s t e r n h a l f ( I and J ) : O n l y -for N e r i n e was a 
s i g n i f i c a n t d i f f e r e n c e found between h e i g h t l e v e l s , s u c h 
t h a t d e n s i t y was h i g h e r on t h e upper p a r t of t h e s h o r e 
w i t h i n t h e e a s t e r n h a l f of t h e b e a c h . T h i s a g r e e s w i t h t h e 
u s e of t h e b e a c h by S a n d e r l i n g s . N e r i n e i s l a r g e r t h a n t h e 
c r u s t a c e a n s and f orms t h e b u l k of i n v e r t e b r a t e b i a m a s s 
a v a i l a b l e t o S a n d e r l i n g s on Coatham Sands, where i t i s known 
t o be t h e i r c h i e f p r e y ( B r e a r e y 1 9 8 2 ) . 
The l e n g t h of a l l undamaged Nerjine, found i n t h e 
s a m p l e s t a k e n , was measured. The l e n g t h d i s t r i b u t i o n was not 
u n i f o r m w i t h i n t h e b e a c h . NjBjrAQ®. t e n d e d t o be s m a l l e s t h i g h 
on t h e s h o r e and l o n g e r l o w e r on t h e s h o r e ( F i g . 4 . 8 ) . T h i s 
t r e n d was s i g n i f i c a n t a t s i t e s H, I and J ( f o r K e n d a l l ' s 
r a n k c o r r e l a t i o n c o e f f i c i e n t s e e T a b l e 4 . 6 ) . T h i s means 
t h a t a l t h o u g h N e r i ne abundance g e n e r a l l y d e c r e a s e s 
downshore, t h e i r i n d i v i d u a l s i z e s i n c r e a s e s . How much t h i s 
e f f e c t s t h e d i s t r i b u t i o n of b i o m a s s a v a i l a b l e t o S a n d e r l i n g s 
I c a n n o t s a y , b e c a u s e no d a t a were o b t a i n e d on l e n g t h / w e i g h t 
r a t i o. 
4.3 P o p u l a t i o n t i m e b u d g e t s 
D u r i n g a t o t a l of 201 s c a n s a m p l e s , 16,849 b e h a v i o u r a l 
s t a t e s were r e c o r d e d ( s e e T a b l e 4.7 f o r t h e d i s t r i b u t i o n of 
s a m p l i n g e f f o r t i n t i m e ) . Due t o d e c r e a s e i n t h e number of 
S a n d e r l i n g p r e s e n t a t Teesmouth l a t e i n t h e s t u d y p e r i o d , no 
s c a n s a m p l e s i n v o l v i n g t h e n e c e s s a r y minimum number (20) of 
i n d i v i d u a l s c o u l d be o b t a i n e d a t R e d c a r R o c k s i n t h e l a s t 
two weeks and o n l y f i v e a t Coatham Sands i n t h e l a s t week. 
3 5 . 
F i g y r e 4 . 3 
di-f-ferent h e i g h t 
• f o i l owing s F= 0 
Mean l e n g t h (mm) o-f 
z o n e s . I n d i c a t i o n s 
G= A , H= • 
N e r i n e c i r r a t u l u s i n 
o-f t h e s i t e s a r e 
, 1= A and J= ID 
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T a b l e 4.7 
D i s t r i b u t i o n of s c a n - s a m p l i n g e f f o r t between s i t e s , weeks 
and t i d a l s t a g e s . The number of s c a n s and t h e number of 
b e h a v i o u r a l s t a t e s r e c o r d e d a r e shown. E = ebbing t i d e , 
L = low w a t e r , F = f l o o d i n g t i d e , H = h i g h w a t e r . 
S i t e Weeks: 1 2 3 4 5 6 7 8 
E - 9 3 - 6 
Redcar 642 461 487 
Rocks 
L 6 1 10 3 5 1 - -
461 102 1907 248 215 43 
F 2 - 8 - - 1 - -
123 702 24 
E 1 - 3 3 6 1 2 1 
Coatham 24 326 106 185 59 207 21 
Sands 
L 1 - - 11 16 
45 924 2377 
F 6 3 - 10 11 2 5 -
228 85 441 1447 110 40 
H 6 1 - 1 2 1 4 8 4 
711 197 522 84 230 961 123 
E 6 - - - - - 2 
Bran 541 109 
Sands 
L - - 8 - - - -
167 
F - - 1 2 - - - -
744 
H 
S a n d e r l i n g s w h i c h a r e d e p o s i t i n g -fat r e s e r v e s f o r 
m i g r a t i o n might u s e e i t h e r or both of t h e f o l l o w i n g 
s t r a t e g i e s , both of which i n v o l v e c h a n g e s i n t h e i r d a y t i m e 
b u d g e t s ; i ) t h e y might d e v o t e a h i g h e r p r o p o r t i o n of t h e i r 
normal a c t i v i t y p e r i o d t o f o r a g i n g ( i n s t e a d of r e s t i n g , 
p r e e n i n g or v i g i l a n c e ) and t h e r e b y g a i n more e n e r g y e a c h day 
w i t h o u t i n c r e a s i n g t h e i r i n s t a n t a n e o u s f e e d i n g r a t e ( s e c t i o n 
4 . 4 ) ; or i i ) t h e y might e x t e n d t h e d u r a t i o n of t h e i r 
a c t i v i t y p e r i o d d u r i n g e a c h t i d a l c y c l e . I n t h e c a s e of 
S a n d e r l i n g a t Teesmouth t h i s would be a c h i e v e d by i n c r e a s i n g 
t i m e s p e n t f o r a g i n g o v e r t h e h i g h w a t e r p e r i o d a t t h e 
e x p e n s e of r o o s t i n g . To c h e c k whether S a n d e r l i n g s used t h e 
f i r s t method, I u s e d t h e s c a n - s a m p l i n g d a t a . To s i m p l i f y 
a n a l y s i s of t h e s c a n - s a m p l i n g d a t a and t o c o n c e n t r a t e on 
t i m e s p e n t f o r a g i n g v e r s u s o t h e r b e h a v i o u r s , t h e c a t e g o r i e s 
of w a l k i n g , r u n n i n g p e c k i n g p r o b i n g , e a t i n g and s t a n d i n g 
were summed and c a l l e d " f o r a g i n g " . The b e h a v i o u r a l s t a t e s 
of p r e e n i n g , b a t h i n g and s t r e t c h i n g wing became " p r e e n i n g 
e t c " . The r e m a i n i n g f o u r c a t e g o r i e s , r o o s t i n g , f l y i n g 
a g g r e s s i o n and v i g i l a n c e were t r e a t e d s e p a r a t e l y . 
A K r u s k a l — W a l 1 i s one-way anova was used t o t e s t whether 
d a t a o b t a i n e d a t d i f f e r e n t s t a g e s of t h e t i d a l c y c l e c o u l d 
be p o o l e d . When d a t a from a l l t h r e e s i t e s p o o l e d were 
compared from d i f f e r e n t h o u r s of t h e t i d a l c y c l e no 
s i g n i f i c a n t d i f f e r e n c e s were d e t e c t e d f o r any of t h e s i x 
b e h a v i o u r a l c a t e g o r i e s . T h e r e f o r e t h e t i d a l c y c l e was 
a r b i t r a r i l y d i v i d e d i n t o f o u r b l o c k s a s d e t a i l e d below. 
When s c a n — s a m p l i n g i s used, t h e a s s u m p t i o n h a s t o be 
made t h a t t h e s a m p l e i s r e p r e s e n t a t i v e of t h e whole 
p o p u l a t i o n . B e c a u s e s a m p l e s were t a k e n o n l y on t h e beach 
and i t was known t h a t a h i g h p r o p o r t i o n of t h e p o p u l a t i o n 
r o o s t e d e l s e w h e r e over h i g h w a t e r , t h a t t i d a l p e r i o d had t o 
be e x c l u d e d -from t h e a n a l y s i s . By e x a m i n i n g t h e t i m i n g s o-f 
a r r i v a l o-f b i r d s a t t h e h i g h w a t e r r o o s t t h r o u g h o u t t h e 
s t u d y p e r i o d , i t was d e c i d e d t o de-fine t h e h i g h w a t e r p e r i o d 
a s 4^h a f t e r LW t o 4'*"h b e f o r e LW (approx. HW ± 2^h) ( A l l 
t i m i n g s a r e p r e s e n t e d a s h o u r s b e f o r e or a f t e r LW = 0 ) . The 
p e r i o d t h a t r e m a i n e d was s p l i t i n t o t h r e e b l o c k s , 4!£h t o l!£h 
b e f o r e LW - termed t h e e b b i n g t i d e , l!£h b e f o r e t o l ! i h a f t e r 
LW - termed low w a t e r - and l'ih t o 4!£h a f t e r LW - termed 
f l o o d i n g t i d e . 
A K r u s k a l - W a l 1 i s one—way anova was a l s o u s e d t o examine 
whether d a t a from d i f f e r e n t s i t e s c o u l d be p o o l e d . The 
p r o p o r t i o n of t i m e a l l o c a t e d t o most c a t e g o r i e s of b e h a v i o u r 
d i f f e r e d s i g n i f i c a n t l y amongst t h e t h r e e h a b i t a t s p r e v i o u s l y 
mentioned ( R e d c a r Rocks, Coatham Sands and Bran S a n d s ) , but 
not w i t h i n Coatham Sands, which was d i v i d e d i n t o s i x s i t e s 
(E t o J ) when sampled. T h e s e s i t e s were t h e r e f o r e p o o l e d 
i n t o one a r e a . 
An i n i t i a l e x a m i n a t i o n of t h e d a t a showed t h a t 
S a n d e r l i n g s s p e n t most of t h e i r t i m e (60-9871) f o r a g i n g ( t h e 
p e r i o d HW ± 2*£h was e x c l u d e d , s e e a b o v e ) . O t h e r b e h a v i o u r s , 
a p a r t from p r e e n i n g and r o o s t i n g o c c u p i e d r e l a t i v e l y l i t t l e 
t i m e . The r e l a t i v e f r e q u e n c i e s of b e h a v i o u r a l s t a t e s were 
s i m i l a r between t i d a l s t a g e s ( e b b i n g , f l o o d i n g and LW) and 
between weeks. However, when t h e p r o p o r t i o n s of e a c h 
b e h a v i o u r a l s t a t e were examined s e p a r a t e l y t h e r e was a 
tremendous v a r i a t i o n . The r e s u l t s a r e p r e s e n t e d i n T a b l e 
4.8 and F i g u r e s 4.9 t o 4.11. 
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E.L9.y.rJ§ 4...9 The w e e k l y mean p r o p o r t i o n o-f S a n d e r 1 i n g s , 
a l l o c a t e d i n -foraging a t R e d c a r R o c k s and Coatham Sands a t 
t h r e e t i d a l s t a g e s (-flooding t i d e A , ebb i n g t i d e W and low 
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4 2 . 
FL9yT-S 4_. 10 The t i m e a l l o c a t i o n by S a n d e r l i n g i n 
v a r i o u s b e h a v i o u r a l s t a t e s a) a t R e d c a r R o c k s and b) on 
Coatham S a n d s . Weekly means a r e shown where s c a n - s a m p l i n g 
r e s u l t s -from a l l t i d a l s t a g e s have been p o o l e d ( H W ± 2 -ih i s 
e x c l u d e d ) . 
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F i g u r e 4.11 S c a n - s a m p l i n g r e s u l t s : 
a) P e r c e n t a g e o-f S a n d e r l i n g s a l l o c a t e d i n -foraging b e h a v i o u r 
a t t h r e e t i d a l s t a g e s (-flooding t i d e A , e b b i n g t i d e "W and 
low w a t e r o ) . D a t a -from a l l s i t e s were p o o l e d . 
b) P r o p o r t i o n s o-f S a n d e r l i n g s a l l o c a t e d i n v a r i o u s behav-
i o u r a l s t a t e s o t h e r t h a n -Foraging; p r e e n i n g H , r o o s t i n g O < 
- f l y i n g r j , a g g r e s s i o n O and v i g i l a n c e o . Weekly means 
where d a t a -from a l l s i t e s and t i d a l s t a g e s have been p o o l e d 
( HW ± 2 !*h i s e x c l u d e d ) o 
% 
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4 W e e k 6 
I t i s o b v i o u s t h a t no t r e n d can be d e t e c t e d , w i t h 
s e a s o n , i n t h e p r o p o r t i o n of a c t i v i t y time s p e n t -foraging. 
T h i s a p p l i e s both t o Redcar Rocks ( F i g . 4.9a) and Coatham 
Sands ( F i g . 4.9b), -for each t i d a l s t a g e and f o r t h e t h r e e 
t i d a l s t a g e s pooled ( F i g s . 4.10a and 4 1 0 . b ) . 
Fo r o t h e r b e h a v i o u r a l s t a t e s , s i m i l a r problems a r i s e . 
The v a r i a t i o n i s g r e a t and no marked t i d a l or s e a s o n a l 
t r e n d s can be found ( F i g . 4 . 1 1 ) . S a n d e r l i n g s tend t o r o o s t 
more f r e q u e n t l y on t h e ebbing t i d e t h a n t h e f l o o d i n g a t 
Redcar Rocks d u r i n g t h e i r ' a c t i v e p e r i o d ' , but v i c e v e r s a on 
Coatham Sands. T h i s a g r e e s w i t h B r e a r e y ' s (19B2) r e s u l t s 
from t h e same a r e a . V i g i l a n c e o c c u r e d s i g n i f i c a n t l y more 
o f t e n on Redcar Rocks th a n on Coatham Sands ( "X.* = 39.09, 
p < 0 . 0 0 1 ) ; based on numbers of o b s e r v a t i o n s of v i g i l a n t and 
n o n - v i g i l a n t b i r d s , summed over a l l S weeks of s t u d y ) . Such 
d i f f e r e n c e s i n v i g i l a n c e between h a b i t a t s where v i s i b i l i t y 
i s not t h e same ( e . g . open sand i n c o n t r a s t t o r o c k s c o v e r e d 
w i t h s e a — w e e d ) , h a s been found i n o t h e r wader s p e c i e s , 
T u r n s t o n e ( A r e n a r i a i n t e r p r e s ) and P u r p l e S a n d p i p e r 
( C a l i d r i s m a r i t i m a ) ( M e t c a l f e 1 9 8 4 ) . Both a t Redcar Rocks 
and Coatham Sands t h e f r e q u e n c y of v i g i l a n c e d e c r e a s e d 
throughout t h e s t u d y p e r i o d . 
S e v e r a l t e s t s were c a r r i e d out u s i n g n x m 
c o n t i n g e n c y t a b l e s t o examine f o u r of t h e s i ; : b e h a v i o u r a l 
s t a t e s ( f o r a g i n g , p r e e n i n g e t c . , r o o s t i n g and f l y i n g ) f o r 
d i f f e r e n c e s between weeks. D i f f e r e n c e s between t i d a l s t a g e s 
w i t h i n weeks were a l s o t e s t e d . V i g i l a n c e and a g g r e s s i o n 
were l e f t out b e c a u s e of low f r e q u e n c i e s (many z e r o e s ) . 
Almost a l l c o m p a r i s o n s which f u l f i l l e d t h e c o n d i t i o n s of t h e 
t e s t came out a s h i g h l y s i g n i f i c a n t . B e c a u s e of l a c k of 
t r e n d s t h e s e t e s t s do not t e l l us much e l s e t h a n con-firming 
how g r e a t t h e v a r i a b i l i t y i s i n t h e time a l l o c a t i o n . 
I t i s there-fore c l e a r t h a t t h e s c a n - s a m p l i n g r e s u l t s 
d i d not s u g g e s t any i n c r e a s e i n p r o p o r t i o n of ti m e s p e n t 
f o r a g i n g , d u r i n g d a y l i g h t h o u r s a t any t i d a l s t a g e , t o w a r d s 
t h e d e p a r t u r e of t h e S a n d e r l i n g s from Teesmouth. Though 
suc h i n c r e a s e might have been t r u e f o r i n d i v i d u a l s , 
i n s t a n t a n e o u s s a m p l i n g s on groups f a i l e d t o d e t e c t i t f o r 
r e a s o n s d i s c u s s e d l a t e r ( s e e Ch a p t e r 5, D i s c u s s i o n ) . 
To examine t h e second p o s s i b l e way i n which S a n d e r l i n g s 
might have changed t h e i r d a y l i g h t t i m e b u d g e t s , i . e . by 
e x t e n d i n g t h e d u r a t i o n of t h e i r a c t i v i t y p e r i o d when 
b u i l d i n g up f a t l o a d s , I timed a r r i v a l s of b i r d s a t h i g h 
water r o o s t . The ti m e a t which b i r d s l e f t t h e beach and 
f l e w t o t h e r o o s t i n g s i t e <"The Ducky") or were seen 
a r r i v i n g t h e r e were r e c o r d e d . The number of S a n d e r l i n g s 
r o o s t i n g were counted and t h e p r o p o r t i o n s of b i r d s s t i l l 
f e e d i n g on t h e beach a t h i g h water was e s t i m a t e d . 
Although d a t a on r o o s t i n g t i m e a r e l i m i t e d ( s e e 
Appendix 1) some p a t t e r n s c o u l d be d e t e c t e d . B i r d s began 
r o o s t i n g e a r l i e r on s p r i n g t i d e s t h a n neap t i d e s and t h e 
o v e r a l l t r e n d t h r o u g h o u t t h e s t u d y p e r i o d was t h a t d u r a t i o n 
of t h e h i g h water r o o s t s h o r t e n e d through A p r i l and May. 
Higher p r o p o r t i o n s of b i r d s f e d over h i g h water l a t e r i n t h e 
s t u d y p e r i o d . My d a t a i n d i c a t e t h a t t h e a c t i v i t y p e r i o d 
d u r i n g d a y l i g h t , and t h e r e b y f e e d i n g time, was extended 
b e f o r e m i g r a t i o n , a l t h o u g h t h e y a r e i n s u f f i c i e n t t o a l l o w 
s t a t i s t i c a l a n a l y s i s t o s u p p o r t t h i s c o n c l u s i o n . 
46. 
4 . 4 F o r a g i n g r a t e s 
111 o b s e r v a t i o n s i n which r a t e s of b e h a v i o u r a l e v e n t s 
were measured, were o b t a i n e d -from a l l s i t e s d u r i n g t h e whole 
p e r i o d o-f s t u d y . Most o-f t h e o b s e r v a t i o n s l a s t e d 5 m i n u t e s 
and r e f e r r e d t o c o l o u r - r i n g e d i n d i v i d u a l s . 
As t h e main aim of my s t u d y was t o -find out what 
s t r a t e g i e s S a n d e r l i n g s a r e u s i n g t o i n c r e a s e t h e i r r e s e r v e s 
o-f f a t b e f o r e s p r i n g m i g r a t i o n , I f o c u s e d p r i m a r i l y on 
f o r a g i n g . A l l movements of S a n d e r l i n g s a r e s o f a s t t h a t i t 
i s i m p o s s i b l e t o make any d i r e c t f i e l d measurements of 
f o r a g i n g b e h a v i o u r a p a r t from c o u n t i n g b e h a v i o u r a l e v e n t s . 
F o r S a n d e r l i n g such t i m i n g would be p o s s i b l e o n l y by 
a p p l y i n g t e c h n i q u e s of f i l m i n g and frame-by-frame a n a l y s i s 
( c f . B r e a r e y 1982). 
A l l b e h a v i o u r a l e v e n t s (13 c a t e g o r i e s ) were r e c o r d e d i n 
t h e f i e l d but some c o u l d not be measured a s r a t e s , a s i n 
c a s e of " s t a n d i n g " . S t a n d i n g i s i n many c a s e s a p a r t of 
f o r a g i n g b e h a v i o u r when b i r d s a r e w a i t i n g f o r v i s u a l (or 
o t h e r ) c u e s f o r l o c a t i o n of p r e y . B e cause of t h e v a r i a b l e 
d u r a t i o n of t h a t s t a t e , t h i s c a t e g o r y had t o be e x c l u d e d 
from a n a l y s i s . However, t h e r e m a i n i n g f i v e b e h a v i o u r a l 
e v e n t s which counted a s f o r a g i n g ( p e c k i n g , p r o b i n g , f e e d i n g 
s u c c e s s , r u n n i n g and w a l k i n g ) can a l l be p r e s e n t e d a s r a t e s 
per minute. Again, t h e h i g h speed of S a n d e r l i n g movements 
and t h e s m a l l s i z e of most of t h e i r p r e y , c r e a t e d 
d i f f i c u l t i e s i n o b t a i n i n g d a t a on f e e d i n g s u c c e s s . I c o u l d 
be s u r e t h a t something was b e i n g e a t e n o n l y when v e r y b i g 
N e r i n e and p o s s i b l e Nephthys sp. were t a k e n . Sometimes I 
a l s o saw S a n d e r l i n g s making o b v i o u s s w a l l o w i n g movements 
a l t h o u g h I c o u l d not s e e t h e p r e y i t e m s . Knowing t h a t t h e 
s u c c e s s r a t e s were s e v e r e l y u n d e r e s t i m a t e d I d i d not u s e 
them i n t h e a n a l y s i s . 
V i d e o - f i l m i n g was used t o e v a l u a t e t h e r e l i a b i l i t y of 
f i e l d measurements. F o r a g i n g S a n d e r l i n g s were f i l m e d and 
d a t a r e c o r d e d from t h e f i l m s l a t e r by t h e same methods a s 
u s e d i n t h e f i e l d . T h e s e d a t a were t h e n compared w i t h 
a c c u r a t e e s t i m a t e s of r a t e s of b e h a v i o u r s o b t a i n e d by 
r u n n i n g t h e f i l m a t s l o w s p e e d . R e c o r d i n g of d a t a from t h e 
f i l m a t normal s p e e d u s i n g t h e f i e l d methods, was v e r y 
c o n s i s t e n t . R e r u n s of t h e f i l m p roduced v a r i a t i o n of l e s s 
t h a n 10%= C o m p a r i s o n s between " f i e l d - c o u n t s " and a c c u r a t e 
c o u n t s from t h e slowed-down , f i l m showed t h a t n e a r l y a l l 
r a t e s were u n d e r e s t i m a t e d and i n c r e a s i n g l y s o w i t h i n c r e a s e d 
s p e e d of t h e b e h a v i o u r a l e v e n t s ( T a b l e 4.9 and F i g u r e 4 . 1 2 ) . 
D i f f e r e n c e s i n f o r a g i n g r a t e s between two out of t h e 
t h r e e h a b i t a t s where measurements were o b t a i n e d , were 
examined u s i n g t h e t — t e s t . When d a t a were p o o l e d f o r a l l 
weeks and t i d a l s t a g e s , s i g n i f i c a n t d i f f e r e n c e s i n r a t e s of 
most b e h a v i o u r a l e v e n t s o c c u r e d between Coatham Sands (n=85) 
and R e d c a r R o c k s (n=15). The r a t e of p r o b i n g was h i g h e r on 
Coatham S a n d s t h a n R e d c a r R o c k s <t=2=00, df=98, p=0.048) a s 
e x p e c t e d c o n s i d e r i n g t h e h a b i t a t t y p e s . The p e c k i n g r a t e 
was a l s o somewhat h i g h e r but not s i g n i f i c a n t l y s o , ( t = 1 . 3 9 , 
df=98, p=0.168). S a n d e r l i n g s w a l k e d s i g n i f i c a n t l y more on 
Coatham Sands ( t = 3 . 4 1 , df=98, p=0.01) and a l s o r a n more 
(t=2 . 8 2 , df=98, p=0.06) t h a n on R e d c a r R o c k s . T h i s was not 
u n e x p e c t e d b e c a u s e t h e method by w h i c h S a n d e r l i n g s t e n d t o 
f e e d on s andy s h o r e s i n v o l v e s f o l l o w i n g t h e r e t r e a t i n g waves 
and a v o i d i n g t h e i n coming ones, p a r t i c u l a r l y on t h e e b b i n g 
T a b l e 4 . 9 
Comparison o-f o b s e r v e d and a c t u a l r a t e s o-f b e h a v i o u r a l 
e v e n t s measured -from a v i d e o -film t a k e n o-f f o r a g i n g 
S a n d e r l i n g s on Coatham Sands t h e 2 4 t h May 1984. O b s e r v e d 
r a t e s were measured by r u n n i n g t h e -film on normal speed 
and u s i n g t h e -f i e l d—methods. N = number o-f r e - r u n s . A c t u a l 
r a t e was measured by s l o w i n g t h e -film t o a l l o w a c c u r a t e 
c o u n t i ng. 
D u r a t i o n O b s e r v e d A c t u a l 
Shot no. ( i n s e c ) N r a t e min. r a t e min. 
W a l k i n g 1 144 3 107.2 145.4 
2 170 2 104.8 143.3 
3 134 4 110.5 207.8 
4 73 3 108.5 210.4 
5 255 3 87.9 191.1 
Running 1 144 3 43.3 55.4 
2 170 2 0.9 2.5 
3 134 4 13.4 18.8 
4 73 3 57.5 110.1 
5 255 3 81.2 125.9 
P e c k i n g 1 144 3 3.2 2.9 
2 170 2 0.9 0.7 
3 134 4 6.2 4.5 
4 73 3 7.7 6.6 
5 255 3 7.1 9.4 
P r o b i n g 1 144 3 34.2 55.8 
2 170 2 65.7 92.5 
3 134 4 3.7 8.1 
4 73 3 1.1 4.1 
5 255 3 2.3 4.7 
F i g u r e .4. 12 V a l i d i t y o-f - f i e l d measurements t e s t e d 
u s i n g v i d e o - f i l m s of f o r a g i n g S a n d e r l i n g s . O b s e r v e d r a t e 
(measured u s i n g f i e l d methods) compared t o a c t u a l r a t e , 
a) P a c i n g r a t e ! m i n _ l ) ; w a l k i n g © , r u n n i n g * . b) R a t e of 
f e e d i n g a t t e m p t s ( m i n - 1 ) ; p r o b i n g g , p e c k i n g 0 . 
Observed 
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t i d e . The mean number of p a c e s walked and run on Coatham 
Sands pr minute was 96.7 ± 3 . 4 s . e . o-f t h e mean i n c o n t r a s t 
t o 60.1 ± 5.2 on Redcar Rocks ( T a b l e 4 . 1 0 ) . 
S t u d e n t ' s t - t e s t were used t o check whether t h e r e were 
di-f-f e r e n c e s i n t h e v a r i o u s -foraging r a t e s between ebbing and 
f l o o d i n g t i d e . Data from Coatham Sands o n l y , were used 
because of t h e d i f f e r e n c e s between s i t e s . Data from a l l 
weeks were p o o l e d g i v i n g 28 o b s e r v a t i o n s on t h e ebbing t i d e 
and 57 on t h e f l o o d i n g . Only t h e p r o b i n g - and p e c k i n g r a t e s 
d i f f e r e d between t h e two t i d a l s t a g e s but not s i g n i f i c a n t l y 
so ( s e e T a b l e 4 . 1 1 ) . The p r o b i n g r a t e was h i g h e r on t h e 
ebbing t i d e t h a n t h e f l o o d i n g but v i c e v e r s a f o r t h e p e c k i n g 
r a t e . T h e s e compensating d i f f e r e n c e s c a u s e d t h e t o t a l of 
f e e d i n g a t t e m p t s per minute t o be a l m o s t i d e n t i c a l f o r both 
t i d a l s t a g e s ( s e e T a b l e 4.11 and F i g u r e 4 . 1 3 ) . 
B e c a u s e of t h e marked d i f f e r e n c e s between t h e t h r e e 
h a b i t a t s , o n l y t h e d a t a from Coatham Sands c o u l d be used f o r 
c o m p a r i s o n s amongst groups of b i r d s which l e f t t h e a r e a a t 
s i m i l a r t i m e s i n t h e s p r i n g . T h r e e groups were compared; 
i ) S a n d e r l i n g s which l e f t Teesmouth between 1 s t and 15th May 
(n=10), i i ) S a n d e r l i n g s which l e f t between 15th and 3 1 s t 
May (n=44) and i i i ) S a n d e r l i n g s w i t h unknown d e p a r t u r e d a t e s 
(n=31). The r e s u l t s a r e shown i n F i g u r e 4.14a and 4.14b. 
For e a r l i e r d e p a r t i n g b i r d s no r e l a t i o n s h i p was found 
between r a t e of f e e d i n g a t t e m p t s and d a t e but p e c k i n g r a t e 
d e c r e a s e d s i g n i f i c a n t l y (r=0.55, df=B, p=0.05) and p r o b i n g 
r a t e i n c r e a s e d (r=0.64, df=8, p=0.022). The l a t e d e p a r t i n g 
S a n d e r l i n g s showed t h e same p a t t e r n , w i t h s i g n i f i c a n t 
d e c r e a s e i n p e c k i n g (r=0.26, df=42, p=0.043) and an i n c r e a s e 
i n p r o b i n g r a t e (r=0.26, df=42, p=0.044). The t h i r d group 
T a b l e 4^_K) 
F o r a g i n g r a t e s m i n - 1 (means d e r i v e d from trans-formed d a t a ) 
compared between two s i t e s , Coatham Sands (n=85) and R e d c a r 
R o c k s (n=15), u s i n g S t u d e n t ' s t - t e s t . O b s e r v a t i o n s -from a l l 
weeks and t i d a l s t a g e s a r e p o o l e d . 
Coatham R e d c a r S t u d e n t ' s probab-
Sands R o c k s t - v a l u e i l i t y 
P e c k i n g r a t e 16=0 19.2 1.39 0.168 
P r o b i n g r a t e 8.2 1.5 2.00 0.048 
F e e d i n g a t t e m p t s 24.1 21.1 0.45 0.657 
Wa l k i n g 66.3 46.2 3.41 0.001 
(no.o-f p a c e s ) 
Running 30.5 14.1 2.82 0.006 
(no.o-f p a c e s ) 
Sum of p a c e s 96.7 60.1 4.42 0.000 
I.able_J;..l.l. 
F o r a g i n g r a t e s m i n - 1 (means d e r i v e d -from trans-formed d a t a ) 
compared between e b b i n g — (n=28) and f l o o d i n g t i d e ( n=57), 
u s i n g S t u d e n t ' s t — t e s t . O b s e r v a t i o n s from a l l weeks were 
p o o l e d . ' F e e d i n g a t t e m p t s ' i s t h e sum of p e c k i n g and 
p r o b i n g r a t e s . 
e b b i n g f l o o d i n g S t u d e n t ' s Probab-
t i d e t i d e t - v a l u e i l i t y 
P e c k i n g r a t e 13.9 17.0 1.70 0.092 
P r o b i n g r a t e 12.9 6.0 1.8' 0.071 
F e e d i n g a t t e m p t s 27.3 22.8 0.03 0.975 
Wal k i n g 
(no.of p a c e s ) 
65.8 66.5 0. 16 0.87; 
Runni ng 
(no.of p a c e s ) 
33.3 29.2 0.89 0.377 
Sum of pace 98.9 95.6 0.45 0.652 
F i g u r e 4=13 a) Weekly mean -feeding a t t e m p t r a t e m i n - 1 
( p e c k s and p r o b e s ) and p a c i n g r a t e ( r u n n i n g and w a l k i n g ) a t 
two t i d a l s t a g e s ( f l o o d i n g A and eb b i n g V ) . b) Weekly 
mean p r o b i n g ( O ) ? p e c k i n g ( ® ) , r u n n i n g ( ) and w a l k i n g ( # ) 














—i 1 r 





























-1 1 1 
6 7 8 
Week 
F i g u r e _ 4 . 14 The -feeding a t t e m p t r a t e s of t h r e e g r o u p s 
of S a n d e r l i n g s . B i r d s which l e f t Teesmouth between 1 s t and 
15th May <#> n=10, between 15th and 3 1 s t May <©) n=44, and 
b i r d s w i t h unknown d e p a r t u r e d a t e (•> n=31. a) P e c k i n g r a t e , 
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8 WEEKS 
(unknown d e p a r t u r e d a t e ) behaved s i m i l a r l y . An o v e r a l l 
i n c r e a s e i n t h e r a t e of f e e d i n g a t t e m p t s o c c u r e d throughout 
t h e p e r i o d (r=0.49, df=29, p=0.005). To summarize t h e s e 
r e s u l t s t h e p e c k i n g r a t e d e c r e a s e d w i t h s e a s o n i n a l l t h r e e 
groups ( s i g n i f i c a n t l y i n two) whereas t h e p r o b i n g r a t e s 
s i g n i f i c a n t l y i n c r e a s e d i n a l l t h r e e groups. 
The r e s u l t s i n r e s p e c t of attempt r a t e s a r e d i f f e r e n t 
from t h o s e I had e x p e c t e d , i . e . t h a t a ttempt r a t e would 
i n c r e a s e towards t h e t h e t i m e of d e p a r t u r e . The e x p l a n a t i o n 
might l i e i n t h e o b s e r v e d s h i f t i n f o r a g i n g methods used (an 
i n c r e a s e i n p r o b i n g and a d e c r e a s e i n p e c k i n g ) . The 
o b s e r v e d i n c r e a s e i n p r o b i n g a r o s e p r i m a r i l y b e c a u s e i n l a t e 
May (around t h e 2 0 t h ) t h e S a n d e r l i n g s began u s i n g t a c t i l e 
s e a r c h methods when p r o b i n g ( s t i t c h i n g ) , i n s t e a d of l o o k i n g 
f o r v i s u a l c u e s and p r o b i n g once or t w i c e a t each s p o t . 
What c a u s e d t h i s s h i f t i n b e h a v i o u r i s not known. I t i s 
p o s s i b l e t h a t t h i s s h i f t a r o s e b e c a u s e a new and more 
v a l u a b l e p r e y became a v a i l a b l e t o t h e S a n d e r l i n g s , but I 
have no e v i d e n c e t o s u p p o r t t h i s . 
The c o s t of f o r a g i n g (number of p a c e s walked or r u n per 
minute) was s t u d i e d f o r a l l t h r e e groups pooled, w i t h i n 
Coatham Sands (n=85). A s i g n i f i c a n t i n c r e a s e was found i n 
t h e t o t a l number of p a c e s t a k e n per minute w i t h s e a s o n 
(r=0.23, df=B3, p=0.018, F i g . 4 . 1 5 ) . Number of p a c e s run 
i n c r e a s e d s l i g h t l y but not s i g n i f i c a n t l y whereas number of 
p a c e s walked per minute i n c r e a s e d s i g n i f i c a n t l y w i t h s e a s o n 
(r=0.22, df=83, p=0.021). T h i s i n d i c a t e s t h a t more energy 
was s p e n t w h i l e f o r a g i n g b e f o r e m i g r a t i o n . T h e r e f o r e , i f 
t h e S a n d e r l i n g s were t o g a i n e x t r a energy, t h e i r energy 
consumption must have i n c r e a s e d , e i t h e r by i n c r e a s e d s u c c e s s 
56. 
F i g u r e 4.15 The p a c i n g r a t e (both p a c e s walked and r a n ) 
o-f S a n d e r l i n g s on Coatham Sands. D a t a -from a l l s i t e s and 
t i d a l s t a g e s a r e p o o l e d . 
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r a t e or t h a t l a r g e r -food i t e m s became a v a i l a b l e t o them, a s 
s u g g e s t e d above. 
I c o u l d not measure s u c c e s s r a t e s i n t h e f i e l d but d a t a 
which D„ B r e a r e y o b t a i n e d from f i l m s of f o r a g i n g S a n d e r l i n g s 
a t Teesmouth ( B r e a r e y 1982) showed t h a t t h e r e i s a 
s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between attempt r a t e s and 
s u c c e s s r a t e s (r=0.47, df=57, p<0.001, F i g . 4 . 1 6 ) . The mean 
p r o p o r t i o n of s u c c e s s f u l a t t e m p t s e s t i m a t e d from t h e f i l m s , 
was 21X ( r a n g i n g from 0 - 1 0 0 ) . F o r S a n d e r l i n g s t o i n c r e a s e 
t h e i r n e t r a t e of e n e r g y g a i n t h e most o b v i o u s way would be 
t o i n c r e a s e f o r a g i n g r a t e s a s long a s t h e c o s t i n c r e a s e s 
more s l o w l y t h a n t h e g a i n . My d a t a does not s u p p o r t t h i s 
h y p o t h e s i s e x c e p t i f t h e p o s s i b i l i t y of i n c r e a s e d p r e y 
a v a i l a b i l i t y i s c o n s i d e r e d . That might a l l o w S a n d e r i i n g t o 
f o r a g e w i t h t h e same or even a lower r a t e and a l t h o u g h 
i n c r e a s i n g i t s s u c c e s s a t t h e same ti m e . 
F i g u r e 4. 16 S u c c e s s r a t e v s -feeding a t t e m p t r a t e o-f 
f o r a g i n g S a n d e r l i n g s a t Teesmouth. T h i s d a t a was g a t h e r e d by 
D a v i d B r e a r e y ( B r e a r e y 1982) by f r a m e - b y - f r a m e a n a l y s i s 
of c i n e - f i l m . 
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C h a p t e r 5 DISCUSSION 
I n t h i s s t u d y I f o c u s s e d on t w o ways w h i c h S a n d e r l i n g s 
m i g h t h a ve used when b u i l d i n g up - f a t l o a d s d u r i n g t h e s p r i n g 
p r e - m i g r a t i o n p e r i o d : < i ) an i n c r e a s e i n - f o r a g i n g r a t e s 
( f e e d i n g a t t e m p t s p e r m i n u t e ) and ( i i ) an i n c r e a s e i n t i m e 
s p e n t f o r a g i n g , by d e c r e a s i n g t i m e s p e n t r o o s t i n g o v e r t h e 
h i g h w a t e r p e r i o d a n d / o r d e c r e a s i n g t i m e s p e n t i n o t h e r 
b e h a v i o u r a l s t a t e s s u c h as v i g i l a n c e and a g g r e s s i o n . These 
were t h e methods I t h o u g h t most l i k e l y t o be u s e d , and were 
e a s i e s t t o measure. ( I was u n a b l e t o s t u d y w h e t h e r b i r d s 
f o r a g e d a t n i g h t ; n o r c o u l d I measure w h e t h e r b i r d s 
i n c r e a s e d t h e p e r c e n t s u c c e s s o f t h e i r f e e d i n g a t t e m p t s ) . 
However, b e c a u s e o f d a y - t o - d a y v a r i a b i l i t y i n b e h a v i o u r , I 
o b t a i n e d f e w f i r m c o n c l u s i o n s . T h i s v a r i a b i l i t y was c a u s e d 
by many f a c t o r s , some o f w h i c h w i l l be d i s c u s s e d h e r e . 
W e a t h e r , a c t i n g d i r e c t l y on b i r d s o r u n d i r e c t l y on 
t h e i r f o o d s u p p l y i s w i t h o u t d o u b t one o f t h e main f a c t o r s 
a f f e c t i n g t h e f o r a g i n g b e h a v i o u r o f s h o r e b i r d s . S a n d e r l i n g s 
f o r a g e m a i n l y on open s a n d y b e a c h e s c l o s e t o t h e w a t e r ' s 
edge and a r e t h e r e f o r e h i g h l y s e n s i t i v e t o wave a c t i o n . 
L a r g e waves can p r e v e n t t h e m f r o m u t i l i z i n g t h e i r m ain 
f e e d i n g s i t e s a t t h e t i d e - e d g e and f o r c e them t o f o r a g e 
e l s e w h e r e , e.g. h i g h e r on t h e beach where a v a i l a b i l i t y o f 
f o o d i s l e s s o r more d i f f i c u l t t o o b t a i n i t . L i t t l e wave 
a c t i o n r e d u c e s t h e a r e a o f wet sand i n w h i c h t h e b i r d s can 
p r o b e f o r p r e y a t t h e t i d e edge, t h o u g h i t a l s o r e d u c e s t h e 
d i s t a n c e b i r d s h a v e t o r u n up and down s h o r e b e t w e e n 
s u c c e s s i v e waves. Thus t h e d e g r e e o f wave a c t i o n w i l l 
a f f e c t many co m p o n e n t s o f t h e t i m e a c t i v i t y b u d g e t . 
D u r i n g and a f t e r o n s h o r e g a l e s m u s s e l , M y t 1 1 us e d u l i s , 
s p a t i s o f t e n washed on s h o r e and u t i l i z e d by w a d e r s . 
I i n v e s t i g a t e d t h e g i z z a r d c o n t e n t s o f t e n S a n d e r l i n g s , 
c o l l e c t e d u n d e r l i c e n c e a t T e e s s i d e i n May 1983 by o t h e r 
s t u d e n t s o f S a n d e r l i n g b i o l o g y , and f o u n d r e m a i n s o f s m a l l 
m u s s e l s i n f o u r o f them. The u n p r e d i c t a b l e o c c u r r e n c e o f a 
f o o d s o u r c e o f t h i s k i n d can o b v i o u s l y c a u s e day— t o - d a y 
v a r i a b i l i t y i n t i m e s p e n t f e e d i n g and i t a l s o l e a d s t o 
c h a n g e s i n t h e n o r m a l f o r a g i n g p a t t e r n o f t h e b i r d s . When 
f o r a g i n g u n d e r n o r m a l c i r c u m s t a n c e s on t h e beach d u r i n g 
e b b i n g t i d e , S a n d e r l i n g s u s u a l l y f e e d by p r o b i n g i n t h e wet 
a r e a o f s a n d , l e f t by t h e r e t r e a t i n g t i d e , where p o l y c h a e t e s 
a r e a c t i v e o r c l o s e t o t h e s u r f a c e . D u r i n g t h e f l o o d i n g 
t i d e t h e b i r d s t e n d t o s t a y c l o s e t o t h e w a t e r ' s edge, 
f o l l o w i n g e ach wave and p i c k i n g up what l i e s on t h e sand 
s u r f a c e o r f l o a t s i n * s h a l l o w w a t e r . A w r e c k o f m u s s e l s 
d e p o s i t e d u p s h o r e o f t h e t i d e edge a t t r a c t s b i r d s and t h e y 
o f t e n spend much t i m e f o r a g i n g t h e r e . I t i s l i k e l y t h a t by-
d o i n g so t h e y can g a i n much more e n e r g y p e r u n i t o f t i m e 
t h a n by f o r a g i n g by t h e above d e s c r i b e d m ethods, w h i c h 
i n v o l v e much more movement. 
As w e l l as c a u s i n g waves, w i n d can a l s o a f f e c t f o r a g i n g 
d i r e c t l y . I t has been shown t h a t Grey P l o v e r s <pl_y>iL§lLs 
?Sy.lt§r_Ql.ii^ J w h i c h r e l y a l m o s t e n t i r e l y on v i s u a l d e t e c t i o n 
o f p r e y a t s u r f a c e o f t h e mud, a r e l e s s a b l e t o do so i n 
s t r o n g w i n d s , and t h a t i n w i n d s p e e d o f more t h a n 25-30 k n o t s 
t h e y s t o p f e e d i n g a l t o g e t h e r (Townshend e t a l . 1 9 8 4 ) . 
F o r a g i n g o f S a n d e r l i n g s may a l s o be a f f e c t e d i f d r y sand i s 
b l o w n o v e r t h e i r f e e d i n g a r e a s . F o r a g i n g c o s t s a r e a l s o 
l i k e l y t o i n c r e a s e i n s t r o n g w i n d s b e c a u s e t h e b i r d s s u f f e r 
i n c r e a s e d h e a t l o s s (Evans 1 9 7 6 ) . 
S e v e r e d i s t u r b a n c e o f t e n f o r c e s t h e b i r d s t o move f r o m 
one f e e d i n g s i t e t o a n o t h e r . F l i g h t b e t w e e n s i t e s i s b o t h 
t i m e and e n e r g y c o n s u m i n g and c o n t i n u a l d i s t u r b a n c e , 
p a r t i c u l a r l y by p e o p l e , m i g h t f o r c e t h e b i r d s t o f o r a g e i n 
a r e a s w h i c h a r e n o t as good i n t e r m s o f d e n s i t y o f a v a i l a b l e 
f o o d as t h e a r e a o f f i r s t c h o i c e . D i s t u r b a n c e , w h i c h v a r i e d 
b e t w e e n d a y s , i s t h e r e f o r e l i k e l y t o be one o f t h e s o u r c e s 
of v a r i a t i o n i n S a n d e r l i n g a c t i v i t y b u d g e t s i n my s t u d y . 
I n d e e d , t h e r e a s o n why S a n d e r l i n g s s t o p p e d u s i n g Redcar 
Rocks d u r i n g l o w w a t e r i n t h e l a t t e r h a l f o f my s t u d y p e r i o d 
was most l i k e l y i n c r e a s e d d i s t u r b a n c e by p e o p l e and t h e i r 
d ogs v i s i t i n g t h e beach ( c f . F i g 4 . 1 ) . The same e x p l a n a t i o n 
m i g h t a p p l y t o t h e d i s t r i b u t i o n o f S a n d e r l i n g on Coatham 
Sands ( c f . F i g . 4 . 6 ) , i . e . t h a t t h e y d i d n o t use t h e a r e a o f 
h i g h e s t N e r i n e d e n s i t y ( s i t e G) as much as o t h e r a r e a s w i t h 
l o w e r d e n s i t i e s l y i n g f u r t h e r away f r o m t h e t o w n o f R e d c a r . 
On t h e o t h e r hand, many o t h e r e x p l a n a t i o n s can be f o u n d t o 
e x p l a i n t h e d i s t r i b u t i o n o f N e r i ne and S a n d e r l i n g s . The 
i n v e r t e b r a t e s were n o t s t u d i e d u n t i l t w o weeks a f t e r t h e 
S a n d e r l i n g s had l e f t t h e a r e a , and d u r i n g t h a t p e r i o d t h e 
d i s t r i b u t i o n o f t h e p r e y a n i m a l s c o u l d h a ve c h a n g e d . One 
e x p l a n a t i o n m i g h t be t h a t S a n d e r l i n g s had d e p l e t e d N e r i n e i n 
o t h e r a r e a s t h a n G, where t h e y f o r a g e d l e s s b e c a u s e o f much 
d i s t u r b a n c e . S t i l l a n o t h e r e x p l a n a t i o n m i g h t be t h a t t h e 
a r e a s o f h i g h e s t p r e y d e n s i t y w e re n o t t h e same as t h o s e o f 
h i g h e s t p r e y a v a i l a b i l i t y . A p r e d a t o r o p t i m i z i n g i t s 
f o r a g i n g w o u l d be e x p e c t e d t o be i n t h e most p r o f i t a b l e 
a r e a . I t has been shown t h a t O y s t e r c a t c h e r s (Haematopus 
o s t r a l e g u s ) f e e d i n g an c a c k l e s ( C e r a s t o d e r m a e d y l e ) do n o t 
c h o o s e a r e a s o f h i g h e s t d e n s i t i e s f o r f e e d i n g b u t a r e a s 
where t h e i r f o o d i n t a k e i s h i g h e s t ( S u t h e r l a n d 1 9 8 2 ) . 
A n o t h e r p r o b l e m a r i s i n g i n my a t t e m p t s t o use r e s u l t s 
o f s c a n - s a m p l i n g t o o b t a i n s t a t i s t i c a l l y s i g n i f i c a n t c h a n g e s 
on f o r a g i n g b e h a v i o u r r e l a t e d t o p r e p a r a t i o n f o r m i g r a t i o n 
was t h a t I was d e a l i n g w i t h s e v e r a l p o p u l a t i o n s o f 
S a n d e r l i n g s w h i c h were n o t d i s t i n g u i s h a b l e . These 
p o p u l a t i o n s were f i r s t l y t h e S a n d e r l i n g s w h i c h w i n t e r a t 
Teesmouth and s e c o n d l y a t l e a s t t w o waves o f b i r d s u s i n g 
Teesmouth as a r e f u e l l i n g s i t e . The w i n t e r i n g p o p u l a t i o n 
s t a r t e d t o l e a v e i n m i d - A p r i l , b u t i n d i v i d u a l s c o n t i n u e d t o 
d e p a r t a t i n t e r v a l s u n t i l e a r l y J u ne ( c f . A p p e n d i x 2 b ) . 
T h e r e f o r e b i r d s w i t h i n f l o c k s t h a t I s c a n n e d were a t v a r i o u s 
s t a g e s o f m i g r a t o r y r e a d i n e s s f r o m " j u s t a r r i v e d " t o " a b o u t 
t o l e a v e " . 
The f o r a g i n g p a t t e r n s o f s h o r e b i r d s a r e h i g h l y 
d e p e n d e n t upon t h e t i d a l c y c l e . The t i d a l c y c l e and i t s 
c o n t i n u a l l y c h a n g i n g t i m i n g w i t h r e s p e c t t o t h e h o u r s o f 
d a y l i g h t l e a d t o v a r i a b i l i t y i n t h e b i r d s e n v i r o n m e n t w h i c h 
i s r e f l e c t e d i n t h e i r b e h a v i o u r . T h i s v a r i a b i l i t y i s g r e a t , 
e s p e c i a l l y when s p r i n g - and neap t i d e s a r e b o r n i n m i n d . To 
be a b l e t o q u a n t i f y d i f f e r e n c e s b e t w e e n d a y s , w h i c h had f o r 
e x a m p l e t w o h i g h w a t e r p e r i o d s d u r i n g t h e d a y l i g h t h o u r s i n 
c o n t r a s t t o a day w i t h o n l y one, I w o u l d h ave needed much 
more d a t a . 
The e f f e c t i v e n e s s o f t h e a p p r o a c h u s e d i n t h i s s t u d y 
was l i m i t e d by l a c k o f a v e h i c l e . By u s i n g a v e h i c l e t h e r e 
w o u l d have been b e t t e r c h a n c e t o f o l l o w c e r t a i n i n d i v i d u a l s 
t h r o u g h o u t t h e 2-month p e r i o d . A b e t t e r m e t h o d o l o g y I 
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t h i n k , w o u l d have been t o measure t i m e — a c t i v i t y b u d g e t s 
d u r i n g w i n t e r c o n d i t i o n s , e.g. i n F e b r u a r y o r March when 
p a s s a g e b i r d s have n o t a r r i v e d , and compare i t t o t h e p r e -
m i g r a t i o n c o n d i t i o n s , e.g. i n May, r a t h e r t h a n t r y i n g t o 
measure a g r a d u a l change. 
I n s p i t e o f a l l t h e s e d i -f -f i c u l t i e s , w h i c h meant t h a t 
s t a t i s t i c a l con-f i r m a t i on o-f t r e n d s was d i - f - f i c u l t t o o b t a i n , 
I c o n c l u d e d t h a t t h e r e was no change i n t h e t i m e a l l o c a t i o n 
t o d i - f - f e r e n t a c t i v i t i e s d u r i n g t h e p r e - m i g r a t i on p e r i o d . I n 
p a r t i c u l a r , v i g i l a n c e seemed t o be v e r y i n f r e q u e n t 
b e h a v i o u r a l s t a t e and no s i g n i f i c a n t d e c r e a s e was d e t e c t e d 
d u r i n g t h e s t u d y p e r i o d . P u r p l e S a n d p i p e r ( C a l i d r i s 
m a r i t i m a ) and T u r n s t o n e ( A r e n a r i a i n t e r p r e s ) , showed a 
marked d e c r e a s e i n v i g i l a n c e d u r i n g t h e p r e - m i g r a t i o n p e r i o d 
and a l l o w e d t h e b i r d s t o spend more t i m e f o r a g i n g ( M e t c a l f e 
1 9 8 4 ) . A g g r e s s i o n was a l s o r a r e l y seen i n my S a n d e r l i n g s , 
and no s i g n i f i c a n t c h ange were o b s e r v e d . L i t t l e a g g r e s s i o n 
m i g h t be due t o t h e f a c t t h a t t h e S a n d e r l i n g s d i d n o t d e f e n d 
t e r r i t o r i e s d u r i n g s p r i n g a t T e e s s i d e , a l t h o u g h t h i s h as 
been o b s e r v e d e l s e w h e r e d u r i n g t h e w i n t e r m onths ( M y e r s e t 
a l . 1 9 7 9 ) . A t Teesmouth S a n d e r l i n g s were r a r e l y seen 
d e f e n d i n g r e s o u r c e s and, i f s o , o n l y f o r a v e r y s h o r t t i m e , 
f o r e x a m p l e , on t h r e e o c c a s i o n s t h e y were seen d e f e n d i n g 
dead s h o r e c r a b s , p r e s u m a b l y l e f t by g u l l s , w h i l e e a t i n g 
them. Time s p e n t p r e e n i n g v a r i e d much bet w e e n d a y s b u t no 
p a t t e r n s w e r e d e t e c t e d . F o r a g i n g t i m e d u r i n g t h e n o r m a l 
a c t i v i t y p e r i o d was n o t i n c r e a s e d , a t t h e e x p e n s e o f o t h e r 
b e h a v i o u r s , n o r w o u l d t h i s have p r o v i d e d more t h a n a b o u t 
a n o t h e r 10'A, ( i . e . 3/4h) f e e d i n g t i m e d u r i n g each t i d a l 
c y c l e . 
I n d i c a t i o n s f o r l o n g e r a c t i v i t y p e r i o d , i n s t e a d o-f h i g h 
w a t e r r o o s t i n g , and t h e r e b y i n c r e a s i n g t i m e s p e n t f o r a g i n g , 
were f o u n d ( A p p e n d i x l a ) , t h o u g h s t a t i s t i c a l c o n f i r m a t i o n 
c o u l d n o t be p r o v i d e d , A c o m b i n a t i o n o f t h i s , and i n c r e a s e d 
f e e d i n g s u c c e s s due t o i n c r e a s e d p r e y a v a i l a b i l i t y I now 
t h i n k a r e t h e methods used by S a n d e r l i n g s t o g a i n more 
e n e r g y each day d u r i n g t h e i r p r e - m i g r a t o r y f a t t e n i n g i n 
s p r i n g , 
REFERENCES 
A l t m a n n , J . (1974) O b s e r v a t i o n a l s t u d y o-F b e h a v i o u r : 
s a m p l i n g methods. B e h a v i o u r 4 9 : 227—266. 
Brearey,D.M. (1982) The -f e e d i n g e c o l o g y and - f o r a g i n g 
b e h a v i o u r o f S a n d e r l i n g C a L i d r i s al_ba and T u r n s t o n e 
A r e n a r i a i n t e r p r e s a t Teesmouth, NE E n g l a n d . 
P h . D . T h e s i s , U n i v e r s i t y o f Durham. 
Connors,P.G, J.P.Myers, C.S.W.Connors & F . A . P i t e l k a (1981) 
I n t e r h a b i t a t movements by S a n d e r l i n g s i n r e l a t i o n t o 
f o r a g i n g p r o f i t a b i l i t y and t h e t i d a l c y c l e . The Auk 
98: 49-64. 
Davidson,N.C. (1982) Changes i n t h e body c o n d i t i o n o f 
Redshank d u r i n g m i l d w i n t e r s : an i n a b i l i t y t o 
r e g u l a t e r e s e r v e s . R i n g ^ & M i g r . 4: 51-63. 
Davidson,N.C. (1984) How v a l i d a r e f l i g h t r a n g e e s t i m a t e s 
f o r w a d e r s ? R i n g . 8< _ M i g r . 5: 49-64. 
Dugan,P.J. ( 1 9 8 1 ) S e a s o n a l movements o f s h o r e b i r d s i n 
r e l a t i o n t o p r e y a v a i l a b i l i t y and s p a c i n g b e h a v i o u r . 
P h . D . T h e s i s , U n i v e r s i t y o f Durham. 
E l l i o t t , J . M . ( 1 977) Some Methods f o r t h e S t a t i s t i c a l 
a n a l y s i s o f Samples o f B e n t h i c I n v e r t e b r a t e s (Second 
E d i t i o n ) . F r e s h w a t e r B i o l o g i c a l A s s o c i a t i o n 
S c i e n t i f i c P u b l i c a t i o n No. 25. 
Evans,P.R. (1976) E n e r g y b a l a n c e and o p t i m a l f o r a g i n g 
s t r a t e g i e s i n s h o r e b i r d s : some i m p l i c a t i o n s f o r t h e i 
d i s t r i b u t i o n and movements i n t h e n o n - b r e e d i n g 
s e a s o n . A r d e a 64: 117-139. 
Evans,P.R. & P.C.Smith (1975) S t u d i e s o f s h o r e b i r d s a t 
L i n d e s f a r n e , N o r t h u m b e r l a n d . 2. F a t and p e c t o r a l 
m u s c l e as i n d i c a t o r s o f body c o n d i t i o n i n t h e B a r -
t a i l e d G o d w i t . W l d f q w L 2 6 : 64-76. 
Evans,P.R. , D.M.Brearey & L.R.Goodyer (1980) S t u d i e s on 
S a n d e r l i n g a t Teesmouth, NE E n g l a n d . W a d e r s t u d y 
Group B u i 3 0 : 18-20. 
G o s s - C u s t a r d , J . D . (1970) The r e s p o n s e s o f r e d s h a n k ( T r i n g 
t o t a n u s ( L . ) ) t o s p a t i a l v a r i a t i o n i n t h e d e n s i t y o f 
t h e i r p r e y . J. Anim. E c p l . 39: 91-113. 
G o s s - C u s t a r d , J . D . (1977 a) P r e d a t o r r e s p o n s e s and p r e y 
m o r t a l i t y i n r e d s h a n k , T r i n g a t o t a n u s , and a 
p r e f e r r e d p r e y , C o r o p h i u m v o l u t a t o r . J . A n i m . E c a l . 
46: 21-65. 
Goss-Cust a r d s J . D. (1977 b) The e c o l o g y o-f t h e Wash I I I . 
D e n s i t y - r e l a t e d b e h a v i o u r and t h e p o s s i b l e e f f e c t s o f 
a l o s s o f f e e d i n g g r o u n d s on w a d i n g b i r d s ( C h a r a d r i i ) 
J . ap_pl_- E c g i . 14. 7 2 1 -739. 
M e t c a l f e , N . B . (1984) The e f f e c s o f h a b i t a t on t h e 
v i g i l a n c e o f s h o r e b i r d s : i s v i s i b i l i t y i m p o r t a n t ? 
Anim.Behav.32: 981-985. 
M e t c a l f e , N . B . & R.W.Furness (1984) C h a n g i n g p r i o r i t i e s : t h e 
e f f e c t o f p r e - m i g r a t o r y f a t t e n i n g on t h e t r a d e - o f f 
b e t w e e n f o r a g i n g and v i g i l a nce. Behay. E c o 1 . 
S o c i o b i o l . 15s 203-206. 
Myers,J.P.,P.G.Connors & F . A . P i t e l k a (1979) T e r r i t o r y s i z e 
i n w i n t e r i n g S a n d e r l i n g s : The e f f e c t s o f p r e y 
abundance and i n t r u d e r d e n s i t y . The Auk 96: 5 5 1 - 5 6 1 . 
Nie,N.H. e t . a l . (1983) SPSSx U s e r s .Guide M c G r a w - H i l l Book 
Company, New Y o r k . 
Pienkowski,M.W., P.N.Ferns, N.C.Davidson & D . H . W o r r a l l 
(1984) B a l a n c i n g t h e b u d g e t : m e a s u r i n g t h e e n e r g y 
i n t a k e and r e q u i r e m e n t s o f s h o r e b i r d s i n t h e f i e l d , 
pp. 29—56 i n : Evans, P.R., J. D . G o s s — C u s t a r d & 
W. 6. H a l e (eds. ) C o a s t a l w a d e r s and wild-fowl i n 
w i n t e r . C a m b r i d g e U n i v e r s i t y P r e s s , C a m b r i d g e 1984. 
P r a t e r , A . J . St M.Davis (1978) W i n t e r i n g S a n d e r l i n g s i n 
Br i t a i n . B i r d S t u d y 25; 33-38. 
P u t t i c k , G . M . (1979) F o r a g i n g b e h a v i o u r and a c t i v i t y 
b u d g e t s o f C u r l e w S a n d p i p e r s . Ardea_ 67: 111-122. 
Rands,M.R.W. ?< J.P.Barkham (1981) F a c t o r s c o n t r o l l i n g 
w i t h i n — f l o c k f e e d i n g d e n s i t i e s i n t h r e e s p e c i e s o f 
w a d i n g b i r d s . O r n i s S c a n d i n a v i c a 1 2 : 28—36. 
R a p p o l e , J . H . & D.W.Warner (1976) R e l a t i o n s h i p s b e t w e e n 
B e h a v i o u r , P h y s i o l o g y and Weather i n A v i a n T r a n s i e n t s 
a t a M i g r a t i o n S t o p o v e r S i t e . O e c o l g g i a ( B e r l . ) 2 6 : 
193-212. 
Ri c h a r d s o n , W. J. (197B) T i m i n g and amount o f b i r d m i g r a t i o n 
i n r e l a t i o n t o w e a t h e r : a r e w i e w . O i k o s 30: 224-272, 
S i e g e l , S. (1956) N o n p a r ^ S t a t i s t i c s -for t h e 
B e h a v i o r a l S c i e n c e s . M c G r a w - H i l l Book Company, New 
Yor k. 
S n e d e c o r , G. W. & W.G.Cochran (1967) S t a t i s t i c a l M ethods 
( 6 t h e d i t i o n ) . The Iowa S t a t e U n i v e r s i t y P r e s s , Iowa-
S u t h e r l a n d , W.J. (19S2) S p a t i a l v a r i a t i o n i n t h e p r e d a t i o n 
o f c o c k l e s by O y s t e r c a t c h e r s a t T r a e t h M e l y n o g , 
A n g l e s e y . I I . The p a t t e r n o f m o r t a l i t y . J . Anim. 
E c o l ^ S l : 491-500. 
Townshend,D.J. (19S2) The use o f i n t e r t i d a l h a b i t a t s b y 
s h o r e b i r d p o p u l a t i o n s , w i t h s p e c i a l r e f e r e n c e t o Grey 
P l o v e r ( P l u v i a l i s s q u a t a r p l a ) and C u r l e w (Numenius 
a r q u a t a ) . Ph.D. T h e s i s , U n i v e r s i t y o f Durham. 
Wood,A.G. (1984) Time and e n e r g y b u d g e t s o f t h e Grey 
P l o v e r (PLyLYJ.JLii.it s g u a t a r o 1 a) a t Teesmouth. 
P h . D . T h e s i s , U n i v e r s i t y o f Durham. 
APPENDIX 1 Some n o t e s on S a n d e r l i n g s r o o s t i n g on t h e 
Ducky, o r f e e d i n g d u r i n g HW. The o b s e r v a t i o n s w e re made f r o m 
1 7 t h A p r i l t o 6 t h June 1984. Time i s g i v e n i n h o u r s ± LW 
CLW = 0 ) . 
d a t e t i m e 
l s t w e e k 
17.04.1984 +3.45 A r o o s t a l r e a d y e s t a b l i s h e d . 
+3.75 490 S a n d e r l i n g s c o u n t e d r o o s t i n g . 
21.04.1984 -5.33 A f l o c k o f 300 S a n d e r l i n g s came and 
j o i n e d a g r o u p o f 400 f e e d i n g on s i t e J . 
L a t e r many r o o s t e d on t h e beach 
( p o s s i b l y c a u s e d by d i s t u r b a n c e on Ducky) 
—4.45 No S a n d e r l i n g s seen on t h e Ducky. 
-4.00 A f l o c k o f 14 and l a t e r (-3.83h) 
o t h e r 15 began r o o s t i n g on Ducky. 
-3.25 No S a n d e r l i n g s seen on t h e Ducky. 
+4.50 The f i r s t S a n d e r l i n g s came t o Ducky. 
+4.92 Many a l s o r o o s t i n g on t h e be a c h . 
+5.37 50 o u t o f 470 s t i l l f e e d i n g a t t i d e edge. 
2nd week 
26.04.1984 +4.61 A r o o s t a l r e a d y e s t a b l i s h e d on t h e Ducky. 
+4.70 A f l o c k o f 100 a r r i v e d ; a t o t a l o f 460 
c o u n t e d r o o s t i n g . 
+6.28 (=HW) The r o o s t i s s t i l l i n c r e a s i n g , 
555 S a n d e r l i n g s c o u n t e d . 
A t t h e same t i m e , 193 S a n d e r l i n g s c o u n t e d 
on C.S. e i t h e r f e e d i n g o r f l y i n g t o Ducky 
5Ed.._ week 
29.04.1984 +4.00 30 S a n d e r l i n g s f l e w f r o m B.S. t o Ducky. 
+4.17 10 more l e f t B.S. and v e n t t o Ducky. 
+4.25 A b o u t 4O0 S a n d e r l i n g s r o o s t i n g on Ducky. 
+4.87 Ro o s t now s t a b l e , c o u n t i n g 7—800 i n d i v . 
+6.25 (=HW) A b o u t 900 S a n d e r l i n g s r o o s t i n g . 
—5.15 The b i r d s began t o l e a v e t h e r o o s t . 
-3.52 The l a s t S a n d e r l i n g l e f t ( s e e g r a p h , p . ) 
04.05.1984 +3.57 A r o o s t a l r e a d y e s t a b l i s h e d , 280 c o u n t e d . 
I n c r e a s i n g f a s t ; b i r d s c o m i n g f r o m C.S. 
+4.47 Appro;;. 150 S a n d e r l i n g s f e e d i n g on J & I . 
5 t h w e e k 
16.05.1984 +4.82 The l a s t S a n d e r l i n g l e f t J and j o i n e d t h e 
r o o s t on Ducky. 
+5.57 O n l y 3 S a n d e r l i n g s seen f e e d i n g on C.S. 
f r o m F t o J. 
17.05.1984 +5.65 S e v e r a l S a n d e r l i n g s v e n t t o Ducky. 
+5.73 A g r o u p came t o Ducky ( d i r e c t i o n Rc.R.). 
+5.82 >300 S a n d e r l i n g s i n a r o o s t on Ducky. 
-5.83 196 S a n d e r l i n g s r o o s t i n g on Ducky. 
-5.47 O n l y 10 s t i l l l e f t r o o s t i n g . 
6tjh week 
24.05.T984 -5.75 A b o u t 200 S a n d e r l i n g s r o o s t i n g on Ducky. 
-5.25 65 s t i l l l e - f t r o o s t i n g . 
2 6 . 0 5 =1984 - D u r i n g HW 150-250 S a n d e r l i n g s w e r e 
f e e d i n g a t HWM and h i g h e r on t h e b e a c h . 
Number on Ducky unknown. 
7 t h week 
2 8 . 0 5 . 1 9 8 4 +6.25 A b o u t 50 S a n d e r l i n g s t r y i n g t o r o o s t on 
Ducky, b u t much d i s t u r b a n c e a t t h e t i m e . 
-5.70 15 S a n d e r l i n g s r o o s t i n g on B r a n Sands. 
2 9 . 0 5 . 1 9 8 4 +4.53 S a n d e r l i n g s moved f r o m t h e t i d e edge 
h i g h e r on t h e s h o r e and b e g a n r o o s t i n g . 
+4.65 The g r o u p v e n t t o Ducky; a b o u t 200 b i r d s . 
A t t h e same t i m e o n l y 5 f e e d i n g on I & J. 
+4.75 S a n d e r l i n g s f e e d i n g on t h e Ducky! 
+5.53 95 i n a d e n s e r o o s t on t h e Ducky. 
+6.12 160 S a n d e r l i n g s f e e d i n g a t t i d e e d ge n e a r 
D ucky. A t t h e same t i m e 70 r o o s t i n g and 
30—40 f e e d i n g on Ducky. 
0 1 . 0 6 . 1 9 8 4 +4.68 31 o u t o f a e s t i m a t e d t o t a l o f 100 i n d i v . 
s t i l l f e e d i n g on I . 
8 t h week 
0 6 . 0 6 . 1 9 8 4 -6.12 No S a n d e r l i n g s r o o s t i n g on t h e Ducky. A l l 
b i r d s f e e d i n g , s c a t t e r e d a l o n g C.S. 
-5.87 33 S a n d e r l i n g s f l e w t o t h e e d g e o f Ducky 
and s t o o d t h e r e . 
0 7 . 0 6 . 1 9 8 4 +5.38 A l r e a d y e s t a b l i s h e d r o o s t o f 33 i n d i v . on 
Ducky ( a p p r o x . h a l f o f t o t a l on C.S.). 
-6.45 A l l r o o s t i n g b i r d s l e f t t h e Ducky and 
w e n t t o t h e b e a c h f e e d i n g . 
70. 
A P P E N D I X 1 b ) 
D e p a r t u r e o f S a n d e r l i n g -From t h e r o o s t on Ducky 2 9 . 0 4 . 1 9 8 4 . 
B i r d s p r e s e n t a t Ducky ( # ) , c u m u l a t i v e number w h i c h l e f t i n 
d i r e c t i o n t o Re d c a r Rocks and c u m u l a t i v e number w h i c h 
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a) Most o-f t h e c o l o u r r i n g i n g o f S a n d e r l i n g s a t T e e s s i d e 
has been c a r r i e d o u t d u r i n g t h e w i n t e r m o nths. There-Fore 
most c o l o u r r i n g e d i n d i v i d u a l s a r e members o-f t h e w i n t e r i n g 
p o p u l a t i o n . To - f i n d o u t when, and a t what r a t e t h e w i n t e r i n g 
p o p u l a t i o n o-f S a n d e r l i n g s a t T e e s s i d e l e f t t h e a r e a i n 
s p r i n g 1984, I used t h e c o l o u r r i n g e d b i r d s as a s a m p l e . I t 
was assumed t h a t t h e d a t e o f l a s t s i g h t i n g o f each c o l o u r 
marked i n d i v i d u a l was i t s a c t u a l d e p a r t u r e d a t e . By p l o t t i n g 
t h e p r o p o r t i o n o f c o l o u r r i n g e d i n d i v i d u a l s ( N = 5 4 ) , w h i c h 
were n o t seen a g a i n , f o r each day o f f i e l d w o r k , t h e g r a p h 
( o v e r l e a f ) was a c h i e v e d . T h i s g r a p h shows t h e p r o p o r t i o n o f 
t h e w i n t e r i n g p o p u l a t i o n p r e s e n t each day. 
b) When t h e t o t a l number o f S a n d e r l i n g s , p r e s e n t a t 
T e e s s i d e d u r i n g t h e s t u d y p e r i o d , i s e x a m i n e d , t w o 
d i s t i n c t i v e p e a k s i n numbers can be d e t e c t e d . These p e a k s , 
one i n l a t e A p r i l and a n o t h e r a r o u n d mid May, can be 
e x p l a i n e d as m a j o r i n f l u x e s o f p a s s a g e b i r d s p a s s i n g q u i c k l y 
t h r o u g h t h e a r e a . 
T = A t o t a l c o u n t f o r t h e w h o l e s t u d y a r e a . 
R = A t o t a l c o u n t a t t h e main r o o s t i n g s i t e ( D u c k y ) . 
• = A e s t i m a t e d t o t a l . 
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APPENDIX3 
a) L a s t s i g h t i n g s i n s p r i n g o-f a s e r i e s o-F c o l o u r - r i n g e d 
S a n d e r l i n g s w i n t e r i n g a t T e e s s i d e , i n t h e y e a r s 1982 < 0 ! ? 
1983 ( * ) and 1984 <•> w i t h s e v e r a l a d d i t i o n a l s i g h t i n g s 
-from 1977 - 19B1 < ® ) . 
b) The g r a p h shows t h e d e p a r t u r e o f t h e w i n t e r i n g 
p o p u l a t i o n o f S a n d e r l i n g s f r o m Teesmouth, d u r i n g s p r i n g i n 
f o u r s u c c e s s i v e y e a r s , 1981 - 1984= As i n A p p e n d i x 2 t h i s i s 
based on t h e l a s t s i g h t i n g s o f c o l o u r - r i n g e d i n d i v i d u a l s 
each s p r i n g , p r e s e n t e d as t h e w e e k l y c u m u l a t i v e p e r c e n t a g e 
o f t h e s a m p l e t h a t has l e f t t h e a r e a . 
I i n t e n d e d t o l i n k t h e d e p a r t u r e t i m e t o m e t e r o l o g i c a l 
f a c t o r s , e.g. t e m p e r a t u r e and w i n d , t o see w h e t h e r t h e y had 
any i n f l u e n c e on t h e b i r d s . I t has been shown t h a t most 
m i g r a n t b i r d s d e p a r t i n peak numbers i n c a l m f a l l o w i n g w i n d s 
and a v o i d s t r o n g o p p o s i n g w i n d s ( R i c h a r d s o n 1978) and t h a t 
t h e o p t i m a l c o n d i t i o n s f o r m i g r a t i o n o c c u r u n d e r v e r y 
s p e c i f i c c i r c u m s t a n c e s ( R a p p o l e Warner 1 9 7 6 ) . The d a t a 
t u r n e d o u t t o be i n s u f f i c i e n t , b e c a u s e t h e number o f 
o b s e r v a t i o n d a t e s , used t o e s t a b l i s h t h e presumed d e p a r t u r e 
d a t e s , v a r i e d amongst y e a r s . 
APPENDIX 3 a) 
D E P A R T U R E 
Sander l ing j M A R C H , A P R I L , M A Y | N P E R I O D DURATION 
BO G i i j • 0 1 
BO Y j S ! * o i 3 1 1 . - 2 6 / 5 1 5 
BY RY i i j e © & • i 4 0 6 . - 1 4 / 5 9 
GO R j * j o i ® 
GG Y j i ! s e e 1 3 0 6 . - 1 1 / 5 5 B G i a • o ! © 
BO o ; ! * j e 
BW i i m * i • o | 5 1 7 / 4 - 1 8 / 5 3 2 
BY GO i • a i •« o 
BY WR ! j * . I so ! 4 1 6 / 4 - 1 8 / 5 3 3 
GG R 1 i » ' * j e ! 3 2 3 / 4 - 1 3 / 5 2 1 
GO W I ! » ^ e 
i 3 
2 3 / 4 - 0 5 / 5 1 3 
GO Y ! 0 i i @ 
GR R ! i j s © | 3 1 1 . - 1 7 / 5 7 
GR W ! » i ° • • 
GW GO j i • 0 
GW GR i * 
I 1 
o • 
GW RW I : i 1 ! 4 0 5 . - 1 4 / 5 1 0 GW YG j f ° i • 
GW YR i i j ! 3 0 5 . - 0 6 / 5 
GW WY ! i ! o # 9 i 3 0 5 . - 2 3 / 5 1 9 
L B ! i I 
L L ! 1 1 j o • m L W • • [ 
• 1 I 
j 5 0 5 . - 1 1 / 5 7 
LW Y r • # i • I OS 
0 R i ! • • U i 5 1 8 / 4 - 0 8 / 5 2 1 
0 WR ! i ° ' • ! 3 2 7 / 4 - 2 6 / 5 3 0 
OG G ! I * ° i e j 3 2 3 / 4 - 1 6 / 5 2 4 OG 0 i ! * e j 0 OR G i • » i • i 
OR 0 ! j o ® ! 
OR Y j i ! o*| 3 1 8 . - 2 9 / 5 1 2 
OW G i ! * ! o • i 3 1 0 / 4 - 0 8 / 5 3 0 
OW W i i t i o i 3 2 7 / 4 - 1 4 / 5 1 7 
OY G ! i j # 9 0 ! 3 0 5 . - 1 3 / 5 9 OY R | i o * j • j 3 1 3 / 4 - 0 8 / 5 2 6 
RB RY j • ! * • 0 • 
RG G j • j • * 
RG 0 i i i m 
RG RY ! i i a . t 3 1 7 / 5 - 0 1 / 6 1 5 
RG W ! ! ! «• 
RW B • • i * * i O» 9* 
WB GR i i j o ! 3 1 3 . - 1 8 / 5 6 
WB GW i * 0 
WB OG ! ! i ! 3 0 5 . - 0 8 / 5 4 
WB WG ! • j oo 
WB WY • ! * ' i 4 2 3 / 4 - 1 4 / 5 2 2 
WW B j ! • a <Mf i 4 0 6 . - 2 2 / 5 1 7 
Y RO i j j «• © 
YB RB i i ffo ! | 4 1 5 . - 2 7 / 4 13 
YR RB ! ! • o ^ i 3 2 3 / 4 - 1 1 / 5 1 9 
YR w ; • • • ! * • ! • -o 
YY W ; * • ! ° * i OW W ! i t i 
t i 
o i 3 2 7 / 4 - 1 5 / 5 1 8 
* not s e e n 1 9 8 3 , n e i t h e r l a t e w i n t e r nor s p r i n g 
* * n o t s e e n i n s p r i n g 1 9 8 3 but once i n m i d - w i n t e r 
* * * 1 9 8 1 i n S a l t b u r n , 1 9 8 3 i n H a r t Warren 
75. 
APPENDIX 3 b) 












May April March 
1981 1983 1982 1984 
76. 
APPENDIX 4 S i t e - f i d e l i t y . 
S i g h t i n g s o-f c o l o u r - r i n g e d i n d i v i d u a l s a t Teesmouth (South 
Gare) from mid A p r i l throughout May 1984 at di-f-ferent s i t e s 
and t i d a l stages. I n d i v i d u a l s s e l e c t e d which were seen on 
seven or more occasions. S i g h t i n g s -from same day used 
p r o v i d i n g t h a t more than one hour had passed or t h a t t he 
b i r d had moved between s i t e s . ® = Redcar Rocks 9 * = s i t e J 
on CoS.j, • = Ducky, -fr = Bran Sands; l e t t e r s EP F, G, H St 1 
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